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Suunary

PROBLEM., One goal of technical training is to minimize the time required
for students to acquire task-related information and skills. To this
end, task analyses are used to identify and formulate relevant
instructional content. However, the determination and validation of
performance~facilitating instructional sequences has been an area
dominated by intuitive as opposed to scientific approaches. Within
computer-based instructional systems, the impact of instructional
sequences upon student time to attain instructional objectives is
clearly important. Lacking reliable and valid information concerning
effective instructional sequences, the potential of computer technology
to expedite student progress is unduly limited. The objective of the
present 2-phased research project is to reduce this knowledge gap by:
(1) a review and synthesis of factors related to information sequencing,
(2) application of developments in measurement technology for the
purpose of objectively measuring and developing improved instructional
sequences, and (3) conducting pilot research to determine parameter

velues for inclusion in the Phase II investigation of Air Force techinical
information sequences.

APPROACH. Technical materials, ranging in difficulty level, were
selected fram three. different Air Force technical training courses.
Inscal multidimensional scaling methodology was applied to the course
material and to concept similarity\ratings obtained from technical
experts within the academic and military cammunities.

Pictorial analogs of the verbal instructional material contained within

the original Air Force material were developed. Similarly, non-verbal
pictorial multiple choice tests were developed to correspond to the -

verbal multiple choice tests of each of the three instructional packages.
Additional measures of student performance include: (1) Cloze Comprehension,
(2) Concepl Cloze Comprehension, and (3) Post-Instructional Concept
Similarity Ratings.

In addition to the original Air Force sequence, computer algoritims were
developed to provide two different instructional sequences for each
instructional package. Instructional information sequences were presented

to subjects in either pictorial or printed form and performance measures
gathered. ‘

FINDINGS. Inscal multidimensional scaling was shown to be of value with
respect to (1) defining the information complexity of technical material,
(2) developing sequences of key concepts within technical material, and

(3) providing an index of expert inter-rater consensus. When the Inscal
measure is obtained after student exposure to the material, Inscal

provides an indication of the correspondence between experts' understanding
of concept interrelationships. Pilot Study I reported correlations

ranging from .42 to .44 between student and expert Judgments gathered

from pictorial and verbal presentation modes at a L5-second presentation
rate.

ERIC !

IToxt Provided by ERI



Pilot Study II indicated that the three Air Force instructional packages
differed significantly in difficulty as defined by performance on four
dependent measures. Various principles of sequencing were employed in

a third pilot study to probe and select instructional sequences likely
to influence student performance. Though Pilot Study III revealed no
statistically significant performance differences due to four
instructional sequences, sequences based upon certain concept proximity

principles appeared prdmising and thus, will be included in the Phase
II main experiment.

Critical literature analyses reported herein indicate that the superiority
of branching over non-branching sequences may be due to a methodological
artifact. Failure to control for equal numbers of frames presented

under both branching and non-branching sequences has t; ,ically resulted

in fewer frames presented to students under the branching condition.
Hence, the number of frames as opposed to the branching sequence per se
may be responsible for performance differences. Indeed, most branching
studies typically demonstrate no difference in achievement between
treatments, however, mean time savings to complete instruction are

usually asgsociated with the branching condition.

CONCLUSIONS. Inscal has been shown to be an objJective and versatile
measurement methodology. As a tool for defining and sequencing concept
interrelationships, Inscal offers potential payoff in developing seguences
tailored to the individual student in computer-based settings. Employed
as a post-instructional measure of concept interrelationships, Inscal
provides an index of congruence between expert and student understanding
of such interrelationships.

Parameter values selected for inclusion in the Phase II main experiment
included (1) determination of presentation rate, {2) selection of
multi-criteria performance measures, (3) refinement of pictorial and
print presentation modes to include pictorial and print multiple choice
tests, (4) selection of three instructional sequences, and {5) inclusion
of individual difference measures to assess variance in student aptitude.
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: _ Numerous indiyiduals in the academic, military,

and local communities contributed their knowledge and
time, which in turn impacted upon the evolution as well

as the successful compgetion of the Phage I study.
Noteworthy contributions were made through the coordinated
efforts of Major Benfield and Captain Pybus of Carswell
AFB, Texas, These gentlemen provided access to military
technical experts for initial scaling of technical concepts..

of particular significancerwas the involvement of
academic ROTC units, Colonel Bearden (USAROTC} and
Lt. Colonel Reed (USAFROTC} of Texas Christian University
provided leadership in the recruitment of ROTC students
for participation in the present study. Lt. Colonel Weems
(USAFROTC) demonstrated similar leadership by. encouraging
ROTC student participation at the University of Texas
at Arlington. o : ‘
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CHAPTER I

STIMULUS SEQUENCE: A REVIEW AND SYNTHESIS o N

Introduction

This section of the report is designed to acquaint® -~
the reader with current” issues and recent scientific ,
evidence (primarily since 1965) related to the impact of
-certain variables upon the design and development of

effective instructional sequences,

From a practical standpoint, technological support
for education is further advanced than is the corres-
ponding body of knowledge and principles which would
allow educators to capitalize fully on technology's

- potential. Hence, important questions such as, "What
do you need to know to design a cost~effective instruc-
tional sequence to optimize individual student learning?"
or "How do you know the selected sequence is the best
alternative sequence for the student?" are no longer

" merely academic questions. Applied technology and its
future role in instruction depend in part on sdientific
answers to these guestions. In a sense, the technological
horse is pressing at the starting gate, waiting for its
scientific rider to catch up before its full potential
can be released, '

To facilitate reader acquaintance with the issues
involved, this review will provide the following format:
(1) specify the issue, (2) identify the variables
relevant to the study of sequencing, (3) provide an
assessment of the adequacy of research supporting
conclusions about each variable, and (4) recommend
research to obtain scientific data in support of more
optimal instructional sequencing. The following major
topics will be discussed sequentially in this report:

Stimulus Seguencing: An Overview » _

Impact of Sequence Manipulation on Performance

Student Versus Instructor Determined Sequences

Principles of Stimulus Sequencing

Interaction of Individual Difference Variables
with Stimulus Sequencing




- Sequencing of Supplementary Instructional Material
Describing the Information Structure -
Recommended Directions for nuture Research

Stimulus Sequencing: An 0verview .

The major issue which has important economic over-
tones. in addition to the design goal of effective
instructional sequences isg, "Are all sequences equally
.effective, or are some sequences more performance—
effective than others?"

Instructlonal materlals must be presented 1n some
sequence, and indeed this is usually one of the first
problems ‘the instructor encounters when he begins to plan
a course of instruction. Most bodies of information
are not clearly and simply organized into a single
sequence. Rather there are interlocking relationships' -
such that any particular concept must be considered in
relationship to several others. Yet language permits
the statement of such relationships only one at a time;
consequently, some decision must always be made as to
which relationship will be stated first. .

The importance of the appropriate sequencinq of
instructional materials is- qeneralLy recognized by
educators and has led to a considerable amount of
planning effort devoted to, the choice of appropriate
sequencing. 1In the school curriculum it is necessary
to order the presentation of instruction over grade
levels. Generally such an ordering is fairly obvious.
Within each grade levei there is again a sequencing for
the 'school year and for a given semester.. Sequencing
problems can-be pursued downward to increasingly finer
levels of detail. A single lecture or classroom session
must in itself be sequenced, and.indeed every gsingle
paragraph or sentence must be producéd in a sequence,

even though planning effort at this level may not be
observed.

This report will focus principally upon the sequenc-
ing of relatively small instructional units; units which
“might be presented in ~approximately one class hour. In
this overview section we will explore: (1) the potential
effects of content on sequencing, (2) the effects of
-extra-content variobles, (3) methods for presenting ‘
sequences, and (4) methods for measuring the effectiveness
lof sequences.



Effects of Content Properties on Sequencing. , Pro-
perties of instructional content may be expected to
influence the effects of sequencing. For example,
instruction on elementary characteristics of matter
includes the concepts of atom, conductor, electron, and
free electron. Electrons are components of atoms and
the two concepts must be treated close together in the
instructional sequence. Conductors are not directly

”"“\relgged to atoms but must be linked by the intervening

concept of. free-g¢lectron, which explains how electrons
can be available to move around and so conduct current.
Such interrelationships seem to impose definite require-
ments on the sequencing. -

Thus, sequencing becomes important because of
interrelationships of concepts within an instructional
unit. Such interrelationships presumably influence the
effect of sequencing or influence the sequence chosen by
the careful instructor. In either sense, uvidence to
be reported later in this report indicates that content
interrelationships are major considerations in the study
of sequencing.

The most general content factor influencing the
sequence of instruction is that of independence or
dependence of content. The domain of instructional
materials may be divided into units containing essentially
independent items and units composed of items which are
dependent or interrelated. Materials with independent
content are probably relatively rare in practical
situations, although they are not uncommonly used in
psychological experiments, as in paired-associate
learning. The use of such materials typically occurs
in the learning of lists of unrelated words or objects.
They may also be used in the learning of associations
between previously unrelated terms such as the names of
states and their associated capitols, or of resistors and
their respective color codes. There seems no strong
reason to expect that sequence effects would be of
substantial importance with material consisting of
independent content because each item can be learned
separately, without reference to other items.

Material composed of independent content, however,
is useful for studying the effects of order of presenta-



tion in isolation from pre-existing content relationships.
Such effects are indeed found. The major effects identi-
fied with such materials may be termed primacy and
recenc¥. Primacy denotes the observation that material
whic s presented first in an instructional unit is
often the best remembered. Recency denotes the observa-
tion that the most recently presented material is also
among the best remembered. Both of these observations
have some implication for the ordering of instructional
material. For example, one might choose to present the
most important material first, to take advantage of the
primacy effect. The recency effect, which is usually
attributed to a short term memory phenomenon, is probably
less important for determining the segquencing of instruc-
tional material, but may have some substantial bearing
upon such considerations as the timing of tests in
relation to the provision of encapsulated review, or the
immediate linking of a recent concept to a related
higher order concept.

In general, however, unrelated or independent
concepts probably have relatively little bearing upon
the problem of sequencing material. Of substantially
greater importance are materials which have strongly
interrelated concepts, and we turn to these in the
following sections.

Contcnts with temporal and spatial dependence.
Instruction on how to perform some simple task, such as
cleaning a weapon, often contains an inherent procedural
chain. In other words, there is a predetermined order
(temporal sequence) in which things are to be done.

Such a temporal sequence provides a strongly indicated
ordering for the presentation of instruction. It may

be noted that the ordering is not necessarily from first
step to last; it could also be from last to first. But
there seems little reason to expect any other substantial
deviation from the indicated ordering. -

Other content areas may exhibit a spatial dependence.
Teaching the location of objects on a map is a clear
example of such a case. Spatial dependence involves at.
least two dimensions (e.yg., the north-south and east-~
west dimensions) and so is less easily translated into
a single clearly determined order. However, one could
Q
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use certain properties of the spatial relations, such
as the proximity of objects to determine a reasonable
order of presentation.

Complex interdependencies of content. Complex
interdependencies between concepts may be identified
both in instruction on skills and in instruction intended
to provide information. Complex skills, such as flying
aircraft, are readily decomposed Into a number of component
skills each of which may perhaps be taught separately.
Indeed, it is usually possible for very complex skills
to be hierarchically decomposed into sub-skills which can
then be further subdivided into smaller components. With
this type of material the ordering principle which offers
itself most prominently is the prerequisite-criterion
relationship; i.e., some skills are prerequisites to
other skills. The c¢rucial problem in this topic area is
determining what skills are prerequisites of higher order
skills.

In the teatrhing of information, interrelationships
can be identified as existing among concepts to be
communicated. A concept, which is usually stated in
the form of a rule, has associated with it a set of
instances or examples of the ccncept. Both the rule and
its examples must ordinarily be presented. This particular
relationship is associated with two possible principles
of ordering: the inductive principle in which examples
are presented and the rule 1is subsequently discovered
by 1nductlon, and the deductlve rin ci le in which the
rule is presented first and is : E eduction to
include the examples.

Inductive ordering is illustrated as follows:

The smoke from a cigar rises.

If hot air is trapped inside a balloon, the balloon
can be made to rise.

When you open a refrigerator, you can feel a cold
draft coming out of the bottom.

On a still, clear night, cold air collects ‘in the
low places and sometimes shows its effect in the formation
of fogqg.

On a hot sunny day, columns of rising warm air form
cunulus clouds.



The name of this principle is convective circulation.

The rule describing the principle is that air warmer
than the surrounding air tends to rise, while air cooler
than the surrounding air tends to sink.

Deductive ordering would present the principle first,
followed by the specificd examples. The examples might be
presented in the form of questions, such as, "Where would
you expect cold air to collect on.a still, clear’ night?"
Negative instances might also be presented, for example,

"A helium filled balloon will rise — is this an example of
the principle?" ,

Concepts themselves may be interrelated, and in
particular -they are often arranged in hierarchies such
that concepts are grouped together to constitute a super-
concept or superset. A very well known example of this
type of. interrelationship is biological taxonomy: For
example, rabbitys and rats are grouped together to consti-
tute rodents. Rodents, canines, and others are grouped
together to constitute mammals, and so on. Such a
hierarchy suggest two major ordering principlés that
might be applied; these are commonly termed depth first
versus breadth first, and upward versus downward.

These two sets of principles must be taken together
to determine a particular ordering. For example, a down-
ward ordering would mean that instruction on biological
taxonomy would begin with say, the aniw:-1l kingdom, gnd
then treat the most immediate subcategories under that:
molluscs, protazoans, chordates, etc. If we were following
the breadth first principle, we would treat all of these
subcategories immediately under animal kingdom and’
proceed down the hierarchy in that fashion, always
treating all of the concepts at a given level before moving
to the next level of subclasses. If we were following
a depth first principle, we would move from animal king-
dom to one of its subclasses, say chordates, and move

- then to one of its subclasses, say vertebrates, and so

on down a single branch of the hierarchy unti) we had
reached the level of desired detail, we would then
backtrack and proceed down the next branch.

10




Upward presentation would of course reverse this
process, starting with classes at the lowest level of
desired detail and proceeding upward.

Influence of Non-Content Variables Upon Sequencing.
In addition to content variables, there are clearly other
variables which must be taken into account in assessing
the effects of sequencing. In general, these are the
same variables that are commonly recognized to influence
instructional manipulations. Major examples of these
are prior instruction and individual differences.

Ty

One aspect of prior instruction is the statement of
obhjectives of the instruction, that is, what behavior he
is expected to exhibit on a test? Will he, for example,
have to reproduce the material with some specified level
of precision or will he have to utilize the material in
some new content? '

Another aspect of prior instructions is the incen-
tive structure provided for the student; what rewards
are availlable to him, and what are the effective
criteria he must achieve to gain the rewards? Such an
incentive structure, of course, is a major determinant
of the student's motivation and might substantially
attenuate or enhance the effects of sequence.

Another variable which is generally important in
instructional contexts is that of individual differences.
Of particular importance is the strong possibility that
individual differences interact with other variables to
determine the most successful sequence. For example, a

. 'study by Orton, McKay, and Rainey (1969), suggested that
the inductive order of presentation may be more effective
#ith students of low aptitude, while a deductive order of
vresentation might be more effective for high aptitude
students. : :

Methods of Presenting Sequences. Although an initial
instructional sequence may be fully determined, there are
in fact a number of variations that can ha employed. A
single, fixed sequence may be used for all students.
Alternatively, several fixed sequences may be used which
are matched in some fashion to student characteristics on
the basis of individual differences. At another level of

Q- : 11




flexibility, instructional branching options may be
incorporated within the sequence, utilizing information
developed during the instructional process to determine
the final sequence which occurs. At a still higher level
of flexibility, the instructor may simply provide the
student with some general information about the material
and allow the subject to select the instructional order
on his own.

Measuring Effectiveness: Dependent Variables. The
determination of appropriate dependent variables 1is a
crucial and sometimes neglected aspect of research in
instructional contexts. It is clear that we must start
with criteria determined by the purpose of the instruc-
tion. In other words, we must initially consider what
are the objectives to be attained and must state those
objectives in terms of desired behaviors. In general,
it is not practical to use the criterion behaviors them~
selves for measuring the effectiveness of instruction,
but rather the investigator attempts to identify some
more easily measured indices which will predict the
achievement of the criterion behaviors.

For example, an introductory unit on the use of the
oscilloscope might have an objective, in terms of criterion
behavior, that the student can turn the device on and
make initial adjustments preparing it for use. That
behavior could be tested, but at considerable cost in
time or money. At least one oscilloscope- of appropriate
type would be required, and several would be needed for
speedy completion of the research. An index of the
criterion behavior might be created in the form of
questions:

"How do you turn the oscilloscope on?"
"What ‘does the focus control do?"

Such questions seem likely to indicate what the
student could do with an oscilloscope, but it is impor-
tant, especially in more complex tasks to congider the
criterion behaviors and the potential relevance of
particular indices which might be used as dependent
variables.,

It is often the case that instructional materials

12




have several associated objectives in addition to mastery
of the content. One associated objective is efficiehcy,
in terms of the time required for mastery. Another is
affective response, that is how the student feels about
the instruction he has received as expressed in his
subjective course evaluation or instructor evaluation.

The content criterion may in itself be reflected in
more than one kind of dependent variable. For example,
mastery of the content might be assessed by some form of
reproduction behavior such as supplying the names for
concepts or supplying definitions. On the other hand,
criterion content might be assessed by some sort of
productive behavior which requires the student to make
an inference from the material he has learned or in
another fashion produce something new with it. For
example, a student who has learned the principle of con-
vective air circulation might be asked to reproduce the
principle in his own words, an acceptable answer might
be:

"Warm air tends to rise, cold air tends to sink."

On the other hand, he might be asked to apply his
knowledge to a new case:

"If you had a block of ice and wanted to cool a small
room with it, where would you put it to get the fastest
cooling of the whole room, on the floor or near the
ceiling?" ‘

It is important to recognize that the results of any
study on the effectiveness of teaching materials may be
substantially influenced by the choice of dependent
variables and the emphasis given to indices of the several
criteria mentioned above - content, time, affective
response, Such consequences must be taken into consider-
ation in any assessment of sequence effects in instruction.

Impact of Sequence Manipulations on Performance.

It is generally assumed that sequence does have an
effect on successful instruction, but does it? The
evidence is not quite so clear. While some studies have
indicated a definite effect of sequence, there are in
fact a number of experiments which contradict this con-
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clusion. The purpose of this section is: (1) to review
research bearing on this question, (2) to consider the
possible conflicting results, and (3) to provide conclu-
sions indicated by the whole body of research.

The typical paradigm or model in this section begins
with an experimenter~determined set of items. The
experimenter selects an appropriate ordering for these
items, either on the basis of some a priori principles
or with the assistance of evidence obtained from subjec-
tive judgments. 1In either case, the favorable ordering
is treated as one level of the orderlng variable, and
its effects are contrasted with those obtained with a
scrambled order. The exact meaning of "scrambled" may
vary from study to study, but the intent is to produce
an illogical and presumably unsuitable sequence. Thus,
the paradigm would contrast a potentially effective
ordering with what is presumed to be the worst possible
ordering.

The items or units which are used vary from study
to study. 1In some of the research the basic units are
words. In others they are sentences, frames of programmed
instruction, or whole paragraphs.

The studies are also rather heterogenous with respect
to their choice of dependent variables, having used :
comprehension tests, free recall, time to complete the
program, number of errors in the program, and subjective
judgments of affective response. Comprehension tests
consist of questions; the student answers determine the
understanding of the material. Free recall is measured

by asking the student, after he has finished studying,

to repeat as many of the items as he can remembe?r; the
number repeated correctly is his score.

Studies Supporting an Effect of Seguence' Agp11ed
Research: By applied studies we mean studies which used
instructional material, or material which could poten-
tially be used in instruction. The studies collected in
this section have found an effect of sequence on a criterion
test of free recall or comprehension., To be more precise,
all of these studies found that the scrambled ordering
produced poorer performance than did a logical ordering.

We will take up these studies in the order of the size of
units used in the experiments.

Q
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The smallest unit which has been used in these
studies, or for that matter could conceivably be appro-
priate, is the single word. Epstein (1963) and Yuille
and Paivio (1969) conducted experiments on this issue -
using meaningful prose passages. These passages, which
were taken directly from an existing text, were presented
in two orders; the original order as written, and a
‘scrambled order in which the words were rearranged. The
scrambling, not surprisingly, was found to have a detri-

mental effect on comprehension. :

The next size unit which has been treated is the
sentence. A number of studies have utilized units of
this size. All of these studies began with scoguences of
sentences which were ordered by judgment ur a priori
principlés. Each study employed a new ~rder, produced
by scréhbling the original order and c.mpared performance
on some criterion test under the two conditions. The
studiés used various dependent varisvles, and in genercl,
demonstrated that the sequence effests can be found with
a variety of different dependent viriables, Frase (1969),
Bruning (1970), Sasson (1971), an/ Schultz and DiVesta
(1972) all used measures of free recall as their dependent
variable. Other studies used tr.sts which were intended
to measure comprehension: Kog:r and Natkin (1972),
?arne}I (1963), Thompson (1977), and Kissler and Lloyd

1973). . v

The highest level Jf unit which has been investigated
in these studies-is th.e frame as a unit in programmed
instruction. Ander.on (1966) compared a rationally
ordered sequence Lf programmed instruction with a
scrambled order, and found that the rational order was
more accuratriy remembered. Brown (1970) used a similar
paradigm ar.d found that the scrambled order was: (1)
associat.d with more errors on the program, (2) a longer
time Lo complete the program, and (3) a lower score on
the criterion test. Tobias (1973) also used this para-
digm and found that with novel material a relatively
strong detrimental effect on achievement was produced by
scrambling the material. ’

Basic research. The principle distinction between
studies in this unit and those preceding is that the
following studies employed artificially constructed
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stimuli, which would not be regarded as potential instruc-
tional material. They do, however, represent an effort

to model some of the critical aspects of instructional
material.

The first area to be taken up, conceptual c¢lustering,
is based on the selection of items with conceptual rela-
tionships among them and contains studies intended to
assess the effect of an ordering based on the principle
‘that interrelated items should be placed close together.
The second area to be discussed is concept learning; that
is, the learning to identify members of a previously
unfamiliar concept. The studies.of interest have explored
the effectiveness of sequencing according to the principle
of instance contiguity:; that is, the notion that several
independent concepts are best learned if each concept is
taken up in order and thoroughly learned before the next
concept is studied.

In the conceptual clustering paradigm, a list of
relatively familiar objects is constructed so that several
classes of objects are present: For example, such a list
might have a vegetable class (lettuce, turnip, and pea)
along with an animal class (horse, cow and pig). Sequences
are formed by placing related items together, or alterna-
tively, a presumably less effective sequence is formed
by scrambling this order.

Schwartz (1973) and Puff (1966) conducted studies
following this paradigm and found that the sequences
produced according to the clustering principle were,
indeed, associated with more correct responses in a free
recall post~test. Two other investigators Newman (1967)
and Whitman (1969) deviated somewhat from this paradigm
in that their stimulus items were nonsense syllables
presumed to have a clustering relationship on the basis
of overlapping letters. Both of these investigators also
found a favorable effect of rational sequences upon
performance in free recall.

Calfee and Peterson (1968) used the paradi~m as
originally described (with words representing familiar
concepts), but with a slightly different dependent
variable which they designated probe recall. In probe
recall, the subject is required to recall the word

Q
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immediately following a test word supplied by the experi-
menter. Here again, favorable effects of rational
sequencing were demonstrated.

The same ordering principle that has been used in
the studies above has also been studied in the context
of paired associate learning. Gagne (1950) and Rothberg
and Woolman (1963) both found that the rational sequencing
had a beneficial effect on rate of learning and number
of errors, '

In studies of concept learning, the typical para-
digm is as follows. Several independent (unrelated)
concepts are to be learned. Each is taught through the
presentation of multiple instances. In teaching these
concepts, there are essentially two ways to order the
sequence of items presented to the subject. The student
may receive examples of one concept until he has mastered
that concept and-moved on in succession through each
of the concepts one at a time. Alternatively, this order
of presentation may be scrambled so that the student is
working on several concepts at the same time.

This multi-concept versus single concept paradigm
has been used by Kurtz and Hovland (1956), Newman (1956),
Peterson (1962), and Blaine and Dunham (1971) with essen-
tially the same findings: presenting instances of one
concept at -a time until the subject has mastered that
concept leads to more rapid learning than does its multi- -
concept presentation. .

Studies Not Clearly Supporting an Effect of Sequence.
All studies falling In this category are applied in the
sense defined previously in the Applied Research Section.
Moreover, most of these studies have dealt with frame
sequences in programmed instruction. Roe, Case, and Roe
(1962) and Levin and Baker (1963) compared a rationally
ordered program - an order judged by them to be instruc-
tionally appropriate - with the same items in scrambled
order. The dependent variables were time to complete the
program, number of errors or performance on a criterion
test. Of the studies using frame sequences from programmed
material, these studies are the only ones which found no
facilitating effect with the rational sequence.
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. The remaining studies with programmed materials
failed to find an effect on selected criterion tests,
but did find an effect upon other performance indices.

Niedermeyer, Brown, and Sulzen (1969) and Payne,
Krathwohl, and Gordon (1967) found that the rational
ordering was associated with fewer errors in completing
the program. Gavurin and Donahue (1961) found that the
rational order was associaged with fewer trials to cri-
terion.

Two investigators studied the effect of sequencing
paragraphs. Beighley (1954) and Lee (1965) compared
ratiorial ordering of paragraphs with a scrambled ordering
and found no effect on measures which they deemed to be
measures of comprehension. Lee also obtained judgmental
ratings of organization for his two sequences and found
no differences in the ratings.

Conclusions: Effects of Stimulus Sequences. 1In
drawing conclusions 1t 1s worth noting that a number. of
factors have been identified which might produce an
attenuation of sequence effects. Familiar material is
evidently less likely to produce an effect of Sequence
(Tobias 1973), presumably because familiarity insures that
the subject already has a conceptual framework and so is
not substantially handicapped by a lack of order in the
material. Tobias, in fact, showed that a sequence effect
would be demonstrated with novel material but not with
familiar material. : ’

Criterion measures also appeared to influence the
extent to which segquence effects will be observed.
Kissler and Lloyd (1973) used two different criterion
measures and found a strong effect with short answer
items, while they found negligible effects with sentence
completion items. Presumably, the short answer items
were more demanding and more sensitive to the experiments'
manipulations.

As might be expected from the rationale for choosing
sequences, the interrelatedness of items apparently has a
substantial effect on whether a seguence effect will be
found. Kissler and Lloyd (1973) used two levels of the
interrelatedness variable and found that the effects of
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sequence was much attenuated when the items were low in
interrelatedness. The possible attenuating effects of
a lack of interrelationshlp among items has also been
suggested by Brown (1970} and by Niedermeyer, Brown and
Sulzen (1969},

- In addition to the factors which have been identi- .
fied experimentally, other factors have been suggested as
contributing to difficulties in finding sequence effects.
It may be noted that most of the studies which produced
ambiguous or negative results dealt with programmed

~instruction. One possibly important characteristic of

programmed instruction is a high level of repetition or
near repetition of items. The redundancy in program
instruction might result in two effects. First, as .
suggested by Natkin and Moore (1972) and by Anderson
(1967), the scrambled sequence would result in a distri-
bution of repetitious items throughout the sequence.  This
could lead to a consequence similar to that of distributed
practice, which has been shown in other studies to

favor retention (Greeno, 1964; Melton, 1970; Underwood,
1969; Shaughnessy, Zimmerman, and Underwood, 1972). Aan
alternative possible consequence of the redundancy in
programmed instruction might be that the use of redundant
items in close association may diminish the attention
given to them, while distributing the items throughout

the sequence might favor greater attention. This
possibility was suggested by Roe, Case, and Roe (1962)

- and by Anderson (1970). It is noted that these two
explanations are not necessarily logically independent,

A more general reason for difficulty in finding .
sequence effect's is that there may be no adequate basis
for producing good sequences (Natkin and Moore, 1972}.

It may be that the sequences used were not by any means -
optxmal and so did not give sequencing an adequate oppor-
tunity to have an effect.

In conclusion, we observe that negative results are
relatively rare in the set of studies we have reviewed.
In most cases, even those which failed to find an effect
on the criterion test found some favorable effects of
sequeinice on other dependent variables. Thus, we can
conclude that the overall weight of the evidence favors
the conclusion that sequencing does have an effect ‘on
learning. One important caution should be noteéd. The
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comparison in each case constituting the unfavorable
sequence was a scrambled order and not some alternative
rational order. Clearly the scrambled order is not one
which would normally be used in presenting material so
that, while scrambled orders are most likely deleterious,
it remains to be demonstrated that some rationally

chosen orders are nmore effective than others. Until

this question is answered it will not be known whether
Bequence effects are of any practical importance.

Subject Versus Experimenter-Determined Sequences.

As noted earlier, it is qguite possible for a subject
" to determine his own sequence in using dnstructional
material. Is it possible that the entire problem of
sequence determination can be left to the subject? 1If
so, it is not necessary for the person preparing the
instructional materials to give substantial consideration
to the sequencing problem. A number of studies have
investigated this question, and the results will be
reviewed in this section.

- “Applied Studies. ‘The general_paradlgm for studies
of this sort Is as follows. A more or less Standard -
instructional sequence is imposed upon one group of
subjects, while another group is given substantial
freedom in choosing the sequence of materials. The
particular procedures for choosing-the seguence in the
subject-determined condition varies substantially. from
study to study and eannot be given a general character-
ization.

Three studies used programmed instructional materials
in this paradigm and all found effects favoring the
subject-determined sequence. Kapel (1965) used linear
programs in history with ninth grade students. One group
studied the programmed materials in their prescribed
order. The other group was encouraged to search ahead
whenever they felt it would be useful to them. The
experimenter-determined sequence was associated with
better performance on a test given immediately after
the students completed the material, but a similar
criterion test administered one month later showed
better retention on the part of the subject-determined
sequence group.

Q
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Silberman, Melaragno, Coulson, and Estavan (1961)
used programmed instructional materials with an automated
presentation system which allowed students to see only
one frame at a time. In this study they employed three
groups. One group, the standard experimenter-determined
group proceeded through the material frame by frame
without an opportunity for review. The second group,
termed a back-branching group, was permitted to go back
one frame. at a time for review. A third group was .
presented the same material in paragraph form in a way
that permitted the subjects to see all the material at
one time. The presumption was.that members of the third
group had the opportunity to determine their own sequerces
since all of the material was simultaneously available to
them. Performance on a criterion test indicated that the
third group performed better than the first, but not
significantly better than the s.cond group. While these
results might be interpreted as indicating that the
student determination of sequence facilitated learning,
the results are somewhat confounded by the fact that
the second group, which did not have an opportunity for
subject determinatign, did about as well as the third -
group. It should be noted that the manipulations used
in this study confounded an opportunity for review with
an opportunity for selection of sequence, and on the
basis of the comparison between the second and third
groups, it may be more reasonable to conclude that, the
opportunity for review was the major contributor to the
superior performance shown by the third group.

Grubb (1969) used programmed instructional materials
covering elementary statistics. The study employed five
conditions ranging from complete experimenter control to
complete learner control. Results on a criterion test
indicated that complete learner control produced the best
performance and, in general, performance decreased as
learner control decreased.

Dean (1969) used instruction.on an elementary arith-
metic task. One group was given a fixed linear task
while the other was given complete freedom to choose
the order in which they studied the materials, He con-
cluded that there was a gain in performance associated
with the learner control condition.
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Mager and Clark (1963) used students in an industrial
training program. One group proceeded through the regular
. curriculum in the usual fashion. The other group was given
an explicit statement of training objectives, and students
were encouraged to confer with the various faculty members
and so arrange their program of study to suit their needs.

The sfudents in the latter group were found to require
less training time, and the author concluded that they
were better prepared. Unfortunately this study confounded
the learner control variable with administration of
explicit instructional objectives. Thus, it is impossible
to assess the independent contributions of these two
variables.’

An earlier study by Mager (1961} was conducted
primarily to determine whether subjects would in fact
choose the same sequences that are chosen by persons who
prepare instructional materials. Mager allowed six
subjects to generate their own sequences in studying
elementary electronics by asking the instructor questions.
He concluded that the learner-generated sequences bore
little resemblance to those used in teaching introductory
electronics. There was considerable commonality among the
sequences” geherated by the subjects, in that the subjects
preferred to begin with a simple, concrete unit such as
a vacuum tube and proceed upward to more complex units
such as compléte radio circuits. Traditional sequences,

" however, start with basic theory (such as basic electri-
cal theory-electrons, current flow, static c¢harge, etc.)
before proceeding to concrete units of increasing complexity.

A series of studies by Campbell (1964) compared
groups which used programmed instruction material with
groups which were allowed self-directed study. The self-
directed set of groups were provided with a short basic
text, supplementary examples and explanations, self-testing
questions, and an outline of the lesson. Performance on
a criterion test was not found to be affected by these
alternative learning conditions.

Atkinson (1972), using computer assisted instruction,
compared subject-determined sequences with experimenter-
determined sequences which included branching on the basis
of the student's performance. The results indicated that
the experimenter-determined sequences were more effcctive
for learning.

Q
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-~ Basic research. All of the studies in this section
can be characterized as representing the reception versus
the selection paradigm.in concept learning. In the selec-
tion paradigm subjects are presented with an instance
array containing all examples of the concept they are to
learn. The subject is permitted to choose the instance
to which he wants to raspond.” He then guesses whether it
is an example of the concept or not and is given the ’

correct feedback. In the reception paradigm, the experi- fi!,

menter presents one instance-at a time and requires the .
subject to respond to that instance bhefore. giVinq him the'~A
correct classification information. .

The studies in this section have also characteristi-
- cally used a "yoking" procedure to determine the sequence
-to be used in the reception paradigm. A subject -in the
-selection group is permitted to determine his own order,
and then the same order sis imposed upon a corresponding
subject in the reception group. This "yoked control
design" has been severely criticized by Church (1964).
There are logical and statistical reasons to expect that.
the design would produce an artifactual difference in °
favor of the student who determines the sequence; these
" reasons are fairly complex, but rest upon the fact that
a sequence produced by a student to.fit his own momentary
needs for information may not be well suited for anyone
else. Thus, the sequences used for students 1ln the ‘
reception condition might not be as good as could have
been produced by some other method; by studving the general
pattern of choices in the selection paradigm and devising
a single scquence embodying the common characteristics
of these choices while avoiding idiosyncrasies.

One of these studies, Hunt (1965), found that. the
selection group made fewer errors than did the reception
group. Two other studies, Huttenlocker (1962) and'

Murray and Gregg (1969) found that the reception paradigm
was -associated with fewer errors. Thus, the results in
this set of studies are guite inconclusive. Given the
biases which might be expected as a result of the yoked
control procedure, the Hunt study might be regarded as
relatively weak evidence in favor of the selection paradigm
and probably the overall conclusion with respect to

these studies tends to favor the reception paradigm.
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ConciuSiohsa'nLearner Versus Experimenter Control.

o This preceding review indicates that several applied

studies found a favorable effect of learner-selected
sequences. Unfortunately, these studies generally
suffer from methodological defects which confound other
variables with the learner versus experimenter variable.
In particular, several of the studies provided an over-
view to the learner in conjunction with the learner
selection condition. It ir quite possible, and indeed
plausible, that an overview constitutes additional
instruction which would in itself facilitate learning
regardless of whether the subject is permitted to select
his own sequence or not. 1Indeed, there is evidence that.
advanced organizers such as overviews lead to enhanced
retention of instructional material (Ausubel, 1960; Ausubel
and-~Fitzgerald, 1962; Scandura and Wells, 1967). Further-
moréyysome of the learner selection conditions offered
greater opportunities for review and for skipping of
items; both of these factors might reasonably be expected

to enhance certain performance criteria.

There are also problems in interpreting the possible
motivational effects which might have. been produced by
the learner-selected sequence. Such a condition is .
relatively novel to most students and might have been
associated with greater attention from the instructor.
It is not uncommon for subjects to respond to what they
perceive as special treatment with higher levels of
motivation. Beyond that, the mere opportunity to select
one's own training sequence may in itself be motivating.
Thus, learner-determined sequences might in fact improve
performance, but in a way that could be duplicated with
experimenter-determined sequences if appropriate motivat-
ing conditions were added. : ,

Still another problem with these studies is that the
- experimenter-determined sequences may not have been
optimal, Indeed if wé suppose, as seems guite possible,
that there are individual differences with respect to
the most favorable sequence, then it is highly unlikely
for a single.sequence to be optimal for all subjects. .
It may be noted that the study by Atkinson (1972), whiéh
used branching based on the subject's errors, led to
results favoring experimenter~determined sequences. The
procedure used by Atkinson would have partially matched

Q
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the instructional sequence to the needs of the subject
and, thus, might be expected to have produced a better
sequence for that subject than a fixed experimenter-
determined sequence. Since the subject in the learner-
selection paradigm has an opportunity to fit the sequence
to his own needs, it will probably be important to
compare that condition; not with a single experimenter-

51;§etermined‘sequence, but with experimenter-determined

i

—

Sequences that have been matched carefully to the particular

characteristics of the subject'. .
‘ e
On the other hand, studies which have shown a
favorable effect of experimenter-determined sequences
provide relatively weak evidence with respect to practical
application, There is some indication from the studies in
concept learning that the reception paradigm.is more
effective, but the applicability of the conclusions to

‘real learning situations is subject to challenge since the

material in concept learning studies is quite artificial,

In summary, we are obliged to concludé that relatively

‘little is known about the effects of learner-determined

> = - -

Sequences on learning in practical sityatigns, . -

- Recommended Research, Where do we go from here?.
The first question, of course, is what kind of .research
needs to be conducted to provide clearer evidence on the
effects of the discussed factors than that described ,
previously. Clearly, research in this area must take
into account the following problems identified in the -
previous section: ' :

* Care must be taken in designing experiments to avoid
confounding other variables with the selection variable,

« Appropriate procedures must be utilized to control
motivation. - ‘

« If there are individual d{fferences in the optimal
sequence for learning,then certainly sequences will have
to be matched to the individual subjects.

* More generally, of course, the fitting of optimal
sequences to individual subjects will require that we
have procedures for determining optimal sequences.
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- There are a number of potential interactions with
other variables which also must be taken into account in
studies in this area. For example, one might reasonably
expect that familiarity with the material would’interact
with the effectiveness of subject-selected sequences.

With moderately familiar material, the subject might be
substantially more effective in selecting his sequence
than with totally unfamiliar material.  Furthermore, there
may well be individual differences in sequencing skills.

\"Thus, some subjects, perhaps those who are generally the-

most successful learners, may be quite able to sequence
material for themselves, while those with less satisfac-
tory scholastic backgrounds and less favorable learning:
experiences may require more guidance in sequencing their
instructional materials. ‘ ' '

'In any case, it is unlikely that practical applica-
‘tions will see pure cases of either learner-determined
sequences or instructor-determined sequences. Except with
- computer-assisted instruction and with lectures, the o
student normally has substantial opportunity to determine
his own sequence regardless of the ordering of the text
material. Given a book, manual, or programmed instruction
unit he is usually at liberty to skip around as_he pleases.
Thus, the learner-determined sequencing is perhaps only 4
matter of degree. Given more encouragement and the ..
asgsistance of an overview, the subject may do more sequenc-
ing on his own. But most learning circumstances allow him
to do as much as he pleases anyway. ‘ :

Conversely, there is no way to present instructional
material except in some sequence. - The inatructor must
determine the sequence in which the items appear in his
text, even if he does not expect the subject to make full
use of that sequence. It is most unlikely that instrdctors
would take the view that any sequence of items is as good
as any other, since the sequences provided by the instruc-
tor are likely to act as guidelines even when substantial
learner selection is taking place.

"Principles of Stimulus Sequencing.

The research reviewed to this point that there is
good reason to expect stimulus sequencing to play an
. important role in the preparation of instructional
materials. It is now time to review in an organized

Q
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fashion the several principles of stimulus sequencing =
which have thus far been proposed and subjected to signi-
ficant amounts of research. 1t is possible to organize
these principles under five major headings:

Inductive Versus Deductive Sequéncing’
Sequencing of Hierarchical Material
Conceptual Clustering

~~  Sequence Organization Based on Concept Name Versus
Attribute

v

Content Independent Sequencing Principles

Under each of these headings we will discuss the
empirical findings and then present our evaluations and
conclusions.,

. Inductive Versus Deductive Sequencing. The two
principles to be treated in this section apply to material
in which a general rule is to be learned, presumably along
-with its applications to specific-instances. The presence -
of a rule and specific instances readily suggests two
possible sequencing principles. One, inductive, calls for
presentation of specific examples of the rule, offering
an opportunity for the student to formulate or induce
the general rule on the basis of his experience with the
.examples. The alternative principle, deductive, is
exactly the reverse, calling for the presentation of the
general rule first, followed by occasions which require
the student to apply the rule. These principles have
been studied not only under the names given above, but
also under the names -~ discovery learning for inductive
sequencing and guided learning for deductive sequencing.

Empirical findings. The results of empirical research
in this area are mixed and appear to be somewhat dependent
upon the paradigm and upon the dependent variable and the
time of its administration. Several studies have reported
that inductive is better than deductive sequencing. Kersh
(1958) used mathematical problems. These were presented
to two groups of subjects. One group was given the prob-
lems without assistance and asked to solve them. The
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. ther group was given a general rule which would aid in
‘the solution of the problems and then given the same

problems to solve. The students were tested on a twenty

- item achievement test immediately after the training

- sessiorn and on a similar test four weeks later. The

- results indicated that higher.performance on the achieve-
ment test given immediately after the training was

associated with the deductive (rule given) procedure.

But on a similar achievement test given four weeks later,

higher pexformance was associated with the inductive

procedure. . .

Ray (1961} undertook to teach the use of micrometer
. calipers. A deductive group listened to a lecturé in ,
- which the rules for a caliper use were given and applica-
tions were then illustrated. An inductive group was
principally instructed by the use of leading questions
to the group by the instructor. On the basis of perfor-
mance on a test given one hundred minutes after completion -
of the instruction, the author concluded that learning
was more effective in the inductive group.

Tallmadge and Shearer (1969) gave instruction on
operations research procedures for finding the minimum
cost solution for transportation problems, An inductive
group was instructed by a presentation which was "designed
t&¥produce an understanding of the concepts and principles
as well as the problem solving procedures." A seacond :
group received instruction which was "deductive, didaotic,
and rote." A test immediately followed the training
session showed superior performance associated with the -
. inductive sequencing. It may be noted that these proce-

dures appear to have confounded another instructional
variable, meaningful versus rote learning, with the

variable principally under study. It is generally recog- _.w‘ 

nized that meaningful learning is more effective, and the
results nust be interpreted in this light,

Haslerud and Meyers (1958) used a within subjects
design, presenting both types of training to the same
subjects, so as better to control for individual differ~
ences. The required subjects to learn an artificial
task, the translation of sentences into codes.:- For half
of the problems, the coding prlnclple was given, and the
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subject was required to apply it. These problems: ,
constituted the deductive ‘condition. For the other hal
of the problems, a set of examples was given for each

 problem. The subject was required ta stidy the examples

and then to translate a new sentence according to the
rule illustrated by the examples. A tést of ability to.
apply the rules was given immediately after training;
the deductive sequencing was found to produce better
performance. But on a similar test given one week
later, superior performance was associated with the
inductive sequencing. » - o

Three studies have produced results interpreted as
indicating that déductive sequencing is better than
inductive sequencing.  Craig (1953) and Craig (1956)
required Air Force personnel, in the first case, and
college students in the second case, to utilize semantic
concepts. The basic task required the subject to solve
a problem by identifying one word in a set of five
which did not conform to the concept rule. The deductive

_group was given the concept rule applying to each set of

words before he was required to solve that problem. The_
mémbers of the inducfive group were simply required to ~ -
solve the problem without guidance. The author concluded
that the deductive group obtained accurate solutions to
more of the problems and were better able to verbalize
the rules. These results are scarcely remarkable. The
rules were given to the deductive group but not the
inductive group; therefore, it is only to be expected
that the deductive group be better able to verbalize

the rules. Moreover, the deductive group was clearly
given more instruction than the inductive group, so that
they differed not merely in sequence, but in amount of .
instruction.

Belcastro (1966) used programmed instruction covering
elementary algebra.. The programmed material included -
frames presenting the rule and frames constituting examples
of the rules. 1In the deductive condition, tHe rule was
given first followed by the examples, and in the’ inductive
condition, this sequence was reversed, He used a criter-
ion test subdivided into three components: a verbal test,
a non-verbal test, and an applications test requiring the
student to use the training to solve problems. On the

’
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overall score, the sum of all three tests, superior ,

performance was associated with the deductive training.

~ method. On the applications tesi, however, the two

' training methods were assoCiated with equal 1evels of
_performance. L

Three other studies used programmed instruction
materials and ‘produced inductive and ‘deductive conditions
in a manner similar to Belcastro :(1966). ' Krumboltz angd.
Yarboff (1965) used materials on elementary statistics:
-and found no difference between the two groups on a. :
- criterion test administered two weeks later. The deductive
group, however, reported that they were more satisfied.
with the text. Koran (1971) replicated the Krumboltz *
and Yarboff. study and also found no differences between ’
the two instructional methods on the criterion test. : ‘
Wolf (1963) used mathematical programmed instructional
materials and also found no effects associated with the
sequencing variable. P

Two other studies, not using programmed material,
indicated no differential effects of sequencing. Forgus
and Schwartz (1957) required college students to learn : o
an artificial alphabet. -In the deductive group thé ST T s
students were giVen the principle for generating tha S o
alphabet, and in the inductive group they were given
.examples and required to discover the relevant principle.
In a recall and transfer test given one week later, no
differences were found between the two groups. Sobel
(1956) studied the effects of training in a four week
unit of algebra. Ordinary classroom instruction was used
except that for the deductive group the teachers were
instructed to teach in a fashion consistent with deduc- -
tive principles, and for the inductive.group the teachers
were asked to teach .in a fashion consistent with inductive CL
principles. The two training methods were found to be BRI
equally effective on a multiple choice achievement test. ‘

" Conclusions: Inductive versus deductive §equencing.

- Upon inftial consideration, the results seem to welgh

'siiguti, in favor of inductive sequencing. ,There are,

however, several qualifications which should be appended.

The major qualification is that inductive sequencing,

as used in several of the above studies, may have resulted
in higher levels of motivation. The inductive task was
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sometimes presented as a puzzle which may have beén rather
intriguing ¥n nature, with the result that it might have
illicited great attention (Koran, 1971), Krumboltz and
Yarboff, 1965). Some of the studies may also.have con-
founded the amount of activity required of the subjects
with the inductive sequencing condition. For instance -
the inductive sequencing condition may have also beén: .
‘asgociated with longer study time. Both of these problems -
and possibly the motivation problem, would be substantially °
diminished = in the context of programmed instruction.

It may be noted that those studies’ which utilize programmed - B

instruction did not find any differential effect associated
with the alternative types of sequéncing.

A

Another qualification which must e applied in. evaluat-l<fﬁ‘
ing these studies is the issue of individual differences., - <.

There is reason to expect, that there may be important’
‘individual differences in responsiveness to inggctive or
to deductive sequencing such that neither may clearly
more effective across a population, but one or the other -
\ may be more effective for a given student. This issue -
- will be treated more extensively in a later sectien on
individual difference Variables. S

Finally, there remains-the question of whether current
studies have an adequate method available for finding
optimal sequences, It is by no means clear that the two .'*
extremes, which have been used in the above studies,
constitute the entire set of reasonable alternatives.

The general principls being investigated by the studies -
in this section may be viewed as one specifying the point
in an instructional sequence at which.the rule is given.
Obviously, the rule may be given not only at the start or
at the end, but also at some point in the middle. It is
quite possible that. there is an appropriate point in the
instructional sequence for providing the rule, and this
point may be associated with the individual learner and
his readiness to utilize the rule..

" Sequencing of Hierarchical Material. There are at
least two ways in which material may come to be regarded
as hierarchical. As noted previously, there are certain
kinds of material which are in themselves conceptual
hierarchies. An excellent example is the biological

¢, taxonomy, ranging downward from the animal kingdom through
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_chordates and molluscs to increasing specific levels of
classification. This struéture may be regarded as’a' set
of concepts organized in terms of subsets and supersets. .

A second way in which material may be regarded as’
hierarchically organized results from an analysis of a
~eriterion-.skill into component subskills which are them--

- selves decomposed into still finer.components. The lower

- levels of the hierarchy are prerequisites to mastery of

the criterion, and this kind of.relationship is typically
called the nrerequisite-criterion relationship. While

there is no strong reason to expect that the same psycho-
logical conclusions will apply to both of these hierarchical
organizations, they are susceptible to some of the same
sequencing principles, and for that reason they are included
together in this section. -

The major ordering principles which apply to hier- ,
archical structures are: breadth versus ‘depth and downward °
versua upward. In a breadth first presentation, al o
material at a given level of the.hierarchy is presented
at one time before proceeding to the next level. This
sequencing may be likened to the presentation of a map
representing a whole country and describing éach of its
provinces before describing any of its cities and towns.

In a depth first presentation, all material on a™:==-.. ...
particular branch of the hierarchy is presented at one
time before turning to another branch. This approach .

is comparable to a presentation which starts with a. -

- whole country, proceeds immediately to a single province,
and from there to a single city, and from there to o
neighborhoods, In the downward sequencing, the highest
level of the hierarchy is presented first and in upward
sequencing the converse is true. The illustrations o
just given were sequenced downwards. ' Upward sequencing -
would start with neighborhoods. o S

pirical findihgs:l Hierarchical sequencing. We

will first take up findings which bear upon sequencing in
the context of superset-subset concéptual structures.

Lee (1965) contrasted the eifects of two lectures, one
designed to emphasize the hierarchical structure ‘of the
material, the other designed to avoid that emphasis.

The results demonstrated that the hierarchical emphasis
Q ‘ ‘
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led to better performance on tests of utilization and
retention, .

Focusing on the specific question of breadth first
versus depth~first presentation, Crothers (1969) uged an
~artificial hierarchical structure and found that recogni-
"tion learning was faster when the presentation order
- conformed to breadth-first presentation as contrasted R
with depth-first. Short and' Haughey (1967) used a. AF "
language arts program and lessons on science. - They ‘

. contrasted methods of presentation designed to- emphasizc'i:f‘iﬁ

‘breadth=first or depth-first presentation and found on
a retention test given one week later that superior A
performance was associated with breadth first presentation.j:ﬁ

On the question of upward sequencing versus downward
sequencing, Newton and Hickey (1965) used two .methods of
teaching about the concept of gross national product.

One sequence started with that concept and worked downward

through concepts, such as investment, consumption, gOVern-::r"“ :

ment spending, and so forth, The other sequence: started
with these lower level concepts and worked upward.- The -
‘ downward sequencing method produced more rapid learning.,,

With regard to prerequisite- criterion hierarchies, B
three studies (Scandura, 1966; Scandura, 19693 and Lee,
1967) have shown that in concept leéarning or problem-
solving tasks, training on the prerequisites was
assoclated with superior criterion performance.

Gagne has proposed that learning intellectual skills
is dependent upon prior learning of prerequisite tasks
and that training in prerequisites should be more effective
than repeated practice of the criterion skilis. Fiel
(1972) investigated the second part of this proposition
in a study using materials dealing with the construction and
interpretation of graphs. There were three instruction
units and after each unit each subject took a diagnostic
test followed by remediation instruction if indicated.
- 'Iwo ‘'groups were treated differently with regard to the
remediation method. Subjects in one group received
additional instruction on the unit just completed; those
in the other group received remedial training on the
earlier units. A criterion test at the completion of

. #

33



the three units indicated that superior performance was -
associated with remedial instruction on prerequisite
tasks. Thus the results supported Gagne's proposal. .

‘ . % .
3 A study by Merrill (1964) used artificial instructional

material on an imaginary science presented in a computer-
assisted instruction format. He used procedures which
resylted in Qifferent amounts of prerequisite remediation
as the result of errors made by the subjects. His findings
were that first, and inevitably, those subjects who
received more remediation training took more time on the
unit.’ Second, and more importantly, he found that their
performance on a criterion test was no better than other

groups which received substantially less or no remediation
training. :

" Conclugsions: ' Hierarchical sequencing principles,
The' evidence In this topic area Is quite skimpy.. With
regard to conceptual hierarchies, the little evidence
available tends to favor breadth-first presentation
and downward sequencing. This evidence is essentially
unequivocal, but it is difficult to determine whether the
lack of conflicting evidence results from the strength
and simplicity of the effects of the variables or from
the paucity of studies on the topic.

With regard to the question of training on prerequi-
sites a comment is first in order. A prerequisite is by
definition something which must be learned first. Thus,
to some extent studies supporting the effectiveness of
this variable really tend merely to the conclusion that
skills constituting prerequisites can be . identified and
shown to be cffective, As to whether 1t is fost useful
in remediation to give additional training on prerequisites
or not, the issue is completely in doubt since the two .

- studies bearing on this topic give conflicting results.
Additional studies with conceptual hierarchies are needed
to test the generality of evidence favoring breadth-first
presentation and downward sequencing; if this sequencing
principle is effective, it could be applied to advantages
in many instructional contexts. Further reg2arch on the
effectiveness of training on prerequisites may not be
needed; more important is research on methods for identi-

- fying prerequisites in some systematic and efficient way.

Q
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Conceptual Clustering and Related Effects. The
studies in this area are primarily basic research.. Three
topics will be taken up under this heading: (1) conceptual

clustering, (2) concept learning, (3) massed versus dis-
tributed practice. '

The major topic of conceptual clusterxng is assocxated,
with the following paradigm: A list of words representing.
several familiar classes is presented to the subject, and '
he is subsequently requxred to recall them in any order he
Pleases. The order in which the words are presented may
be such that members of the same class arc located conti-
guously in the sequence (clustered) or such that all the
classes are intermixed. The other two paradigms are
closely related and will be described as they are taken
up in the discussion of empirical findxngs.

" Empirical findings: - Conceptual clustering,» The :
results of research on conceptual clustering have. generally
shown that more items are recalled when items, representing
each separate concept, are clustered together in the pre--
sentation list. In a free recall task, this clustering
effect has been demonstrated by Schwartz (1973), Puff
(1966) , Newman {(1967), and Whitman (1969). Using a
slightly different task, probe recall, cCalfee and Peterson
(1968) demonstrated the clustering effect. Applying the
same principles to paired associate learning, Gagne
(1950) and Rotberg and Woolman (1963) also demonstrated
the clustering effect. ‘

Effects somewhat similar to the above have been
shown in basic research on concept learning. 1In the
traditional concept learning paradigm a subject is
presented with stimuli which could be instances of the
concept. In fact, some are concept instances and some
are not. The subject's task is to classify each stimulus.
Following his response, the subject is given information
as to their correct classification. 1If more than one
concept is to be learned, a sequenice of instances can
be arranged to cluster all of the items constituting
practice on one concept together or to intermix the items
such that several concepts are being learned at the same
time. It should be noted in this context, that the
concepts to be learned are typically constructed so as
to be entirely unrelated to each other, in contrast to
some of the research cited earlier in which hierarchical
structures interrelated the concepts. )
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- The general finding area with studies comparing the = - -
@ffeot Of ¢lustared versus intermixed concept items is- . * - °
.that ‘clugstering.of itenis on each ‘concept leads to moxe - ‘- -
‘rapid learning - that is, to fewer trials to a-oriterion’ - .- -
" of mastery. Studies supporting this conclusicn are: . . .- o -
- Kurtz ‘and Hovland (1956), Newman: (1956), Peterson (1962),. .-

© The third area of research is included here because .’
“§t may set limits on theé findings noted above. One'might . -:

*;reason t t since it’is apparently useful to put several

" 'items bearing on the same concept close together in-the :.

- training sequence, it might. also be useful to put. repeated. ..
‘items close together. Indeed, that reasoning would seem . .~

-to.be the logicab;extehsiOn'ofﬂthe:abQVQ'findingsgiﬁg“’!“j]

- Apparently, that would be an incorrect conclusicn. ~ ... . .° -
. ‘Repeated items are found to be more effective in progoting - ™
- learning if they are distributed through the ‘sequence. ... . ,

*. rathexr than grouped together. The' followin studies have =
< "supported this conclusion using a free recall ‘task: =~ - A
. Shaughnassy, Zimmerman,.and Underwood (1972), Melton =~
i (1970), and Underwood (1969). .Greeno (1964) has "< N
. - demonstrated the superiority of the distributing repeated - : . .»
.~ item in a paired associate learning task, and Rothkopf . 7
.~ and Coke (1963) have shown that the effect isalso . - - .. .
found with the recall of sentences, = P T R PR

s  _,Coné1ﬁsi6ﬁé;ﬁ CIuétéring ahd'reiatég;éfféctéff:Thé*'j“;,"“h\
" results under this Toplc are rélatively unambiguous apd: .. .¢

. tend to 1ndicate,that=1nsttuotiona1*mater;g1fbéagiﬁggbn;;;&fy
.- the same concept should be grouped;tqgetherg~,Ifj;hqﬂizérf‘F3
““items are explicitly repeated, such- items should not We ' -~

_ grouped together but distributed throughout the sequence. - .
" There remdins two presently identifiable issues that need .. - - .
ft94be,rGBOlved;h;Fi¥9ti;aré-thesegéfﬁectsjfWhichyarej?y‘:fa:»ff“
 fairly well démonstrated in basic-research, also to be: . '
" found in applied research using actual instructionmal .~ . -
“‘materials? _Second, at what point ddes the principle, ... . -
put’ concepts ‘together, yield to the pring¢iple, distribute = '~ -
- {dentlcal ltems. The question is, what constitutes an — ~°. .
- Identical Item? ' Is the effeot found only when items ‘are - . - °
“phrased identically, or is it poss

~phrased Ldenticallyy or is it possible that differently & -
"phrased itens intended to teach the same concept also ba '\

' separated in the’sequence? .-




" tn many practical Instructional contexks it is possible to
' 'identify particular informational structures which relat
concepts to their associated attributes. To 'describe

. example.. Consider, for example, military vehicles. -Eac

¢ .vyehicle type. constitutes a cohcept and associated.with
‘-, each vehicle type is & set of characterjstics or attri-
", butes..(color, shape; size, presence of.weapons, etc.)
.. '1f someone is required to -become familiar with mil
. vehicles, he is‘likely to have to know byth:
+‘the. vehicle cldsgdes; the concepts, and thei

~ 1.7 attributes.  Théra are two:identifi
" 'this kind of inférmation; and.each

" witn'an identification key (a list of att
~--_.start-witthhefattribufhs:andﬁuse}the:éémbiﬁ

o~

. gequietice Organization: *Concept Name Versus Attribute

. these structures, it will be convenjent to start wWith

4

with il

v - EAEE

able. structures
ytructure migh
/A photolnterpr
i1itary,vehicle

. suitable’ for a differetit purpose.-

to-identify typey of n

" the ‘attributes available in a photograph mi

vt ‘ ‘ it of ‘attribut
A .~V&1\1§5: for various: Vthcle tYPBS) Whi(}'h allqws ‘him ¢
ation Of

~attributes he has' found to select a particulsr vehiole.
" Thus, his information is best organized by focusing. upon

the attributes.. '

 On the other hand, a person who must make higher '
_ level use of photointerpretation recéives: the information,

-that a particular vehicle has been identified and needs.
to know the particular characteristics of that vehidle.

Thus, his information would be beat structured by listing

5 . 2. ¢

each,vehicle‘sepa:ately_withfitsyagsbciatedipharQQ;eristics
- or attributes. This second structure places primary - =
emphasis .on the concepts. In this particular.context ... . -
both sources of information might actually be manuals - .t
available for reference, but ‘in many other cases the '~ .. -
information has to be learned:. We may reasonably ask - . .. -
how this material should be ordered in presentation. .~
It could be - ordered by presenting each concept.and its. = .
associated attributes, or it could be ordered by taking
one attribute at a time and describing all of the.concepts

| . in terms of that attributeéf,f,

L En ifical:findihﬁéiﬁ ééﬁcegt hﬁﬁéﬂgérsggfgétffbﬁié;;ﬂ?iff
The relatively few studies on this topic have used. ;- - o ¢
meaningful verbal material. Frase (1969a) and.Schultz ..

and DiVesta (1972) presented passages in which.statements " f
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:fffweie'érganizeA-by cdncép£ name oi'bf attfibﬁté.;‘The‘.f

"'~ following example is taken*f;om Frases‘;‘~”;\ N
'The:paﬁnis:wbith one points. f'. |
Théﬁbishopis_worﬁh three’points;:'
The pawn moVesfin a £§fwéfd direéfioﬁ; J

- The bishop moves in ‘a diagoné1 dige¢£ion;’

' The above sentences are organized by attribute; that .
is, -the first two gsentences give information about the

value, and the last two give. 1nforma£ion“about=alloWablef-t-"

moves. In order to organize the sequence according to - -
~ concepts, the two statements about the pawn would have. . =
. been placed together, as would the two statements -about
the bishop. R : S

It may be noted that the Frase study used eight -
 attributes and six names. The Schultz and DiVesta .
study used six attributes and six names. Thus in both
of these studies, the number of attributes was approxi--
mately the same as the number of concept names. o

The studies found no difference in free recall
resulting from the alternative sequences. They did, -
‘however, find eyidence which they interpreted ‘as indicat-
ing that subjeczs more readily clustered the information .
by name rather than by attribute. L SRR

Friedman and Greitzer (1972) conducted .a study .
which was similar in most respects, but differed in that
there were only three attributes and six names. They -
found better recall and a higher degree of clustering -

1

for passages which were organized according to‘attributeg.;‘-f

: Conclusions: ~ Concept name Versus attribute.” The
‘research on this toplc 18 not sufficient to permit any .

substantial conclusions. The finding of better recall .

for attribute organization,byAFriedman;and~Greitzer:W .

. contrasts with the other two studies. Oné difference . . .
" in’ the design of these studies may have contributed to.

the conflicting results. Friedman and Greitzer used a -

. “relatively small number of attributes, as compared to

Q ,
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‘the number 6f cdncept names, while the other two studies _

used about the sameé number of attributés as names. Thus,
it is possible that favorable sequencing .might depend not
on whether attributes or concepts are used as the basis,
but rather on a choice of the structure which gives the

- ‘smallest number.of superordinate units.

v Furthermore, these studies all used free recall to
assess learning. 'As suggested in the introductory
illustration, there.might be different purposes for ' = .
instruction in this kind of material. ‘The way in which

. the information is to be used might be;bflsubstantialjf»f,5"

importance in determining. thé most effective sequence, -

- Thus, if the task required calls for identiinng‘concepfd1E;;?5

on the basis of known attributes, the attribute organi-

zation might be more satisfactory, while the converse - =

might be true for tasks requiring an enumeration of the . ' i "."

attributes given that the object is known. Clearlyj;%kﬁﬁf”;‘l

studies which inquire into:the gffectiveness of this '
kind of organization should use ‘dependent variables

which are selected to reflect differentrtasklrequireméhts;ii'w

Content Independent Seguéhcing'Principlés. All df]
the preceding ordering principles have been dependent
upon knowing the content of. the material to be sequenced.’

It is certainly to be expected that content would play

a major role in determining the sequence. There are,

~ however, a few ordering principles of sufficient generality

that they can be considered independently of the content

-to which they are applied. We have identified three of
‘these which we will take up in this section: (1) the -

serial position effect, (2) primacy and recency effects,"
and (3) sequencing based on the difficulty of the '
sequenced items. o T : : oo

Serial position effect. The serial position effect,
a well-established and long-studied psychological T
phencmenon, is defined 'in terms of the following para-
digm: The subject is presented a list of items, generally
unrelated words, which he is subsequently asked to 'recall.
Not uncommonly, the list is presented several times with
some measures of recall during or following each presenta-
tion. The particular method of measuring recall may vary.
The typical finding from this paradigm is that the items
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vpreseﬁted earliest in the list are best recalled;' Recall

is also relatively good for items presented at the end of =

.“." . the list.  However, recall is.distinctly inferior for
- those items located in the middle of the list. ' The

superior recall for items at the beginning of the list _
is commonly called a primacy effect, while the relatively
good performance at the end of the list is called a

recency effect. These terms, however, have greateér.

generality and will be applied also in the next‘sectiénQ‘:-

~ Most of the research on the sefialAposition‘effectu
has been conducted with unrelated words. However, a few .

studies have used prose text with loosely related sentences

" as items. Deese and Kaufman (1957) found both compdnents

of the serial position effect with such material. Frase
(1969b) used the same type of material and found only‘a
primacy effect. Rothkopf (1962) again used essentially
the same material as did Deese and Kaufman, but found no

.evidence of either a primacy or a recency effect,  He

.

used a different dependent variable, however, essentially
a fill in the blanks task, while the other two studies.
used free recall. It appears that the negative findings
of this study may have resulted from the choice of :
dependent variable and may suggest that serial position

effects with text material are more likely to he found

when the test calls for behavior analogous to fréadregall.

. Associated with the serial position effect is another
well established phenomenon termed the "Von Restorf" effeoct,
or more recently, the "isolation" effect. The paradigm
for producing this phenomenon is exactly the same as ,
described above except that an item inthe middle of the
list is treated in a way which .sets it off from the other
jtems. It may be printed in a different color;, printed’
in italics, underlined or in virtually any other way made
distinctive. The consequence is that this item is -
recalled far better than would be indicated by the * -
standard serial position effect. ‘With unrelated items,
this isolation effect has usually been associated with
a decrement in the recall of items proximal to the
isolated item, thus suggesting that there might be no

_overall gain in recall. With related Statements, however,

Cashen and Leicht (1970) found that the isolation effect

was assolcated with improved recall of neighboring items
as well as the isolated item, suggesting that an overall
gain in-recall had been achieved. - . v




. -From the above studies, several conclusions are
fairly obvious and apparently consistent with -common
practice in preparation of text materials. First,
the most important material should be presented at the
beginning of an instructional segment. Second, it may

‘be useful to place secondarily important materialrat‘thef‘

end of the presentation. 'This observation, however, -
must be qualified: the recency effect may be a short
term memory phenomenon which would not appear with:

material to be remembered over a long period of time,

- Third, it is probably useful to employ isolation effec;sxﬁl»?

that is, to apply distinctive cues such .as italics or . , . -

underlining, to facilitate recall of important items which. .°
must be located in the middle of the presentation. .. .. . .o
" Primacy and recency effects in Pérsu&siVe>¢6ﬁmuhi¢éfﬁé'*f*47
" tion and subjective probability revision. In studies of . .

persuasive communication, subjects are presented with . ..
text material which might be expected to alter their

- attitudes or expectancies, Pretest and pgSttest,attituaé]_'»‘fﬁ

scales are administered to the subjects t& determine the
degree of attitude change with respect to particular .
items in the communication. Studies of subjective proba-
bility revision present the subject with a sequence of
events which he is to use as evidence for upduting his -
subjective probability about the way the events are gen-

~erated. :

While these two paradigms may beé somewhat different,
they both appear to apply substantially to the question of
ordering effects in the change of subjective expectancies.
Studies in this area have focused particularly on the
relative effectiveness of primacy versus recency in the
sequence of material. Generally, when immediate recall
tasks are not required in these paradigms, a primacy
effect is observed (Anderson and Barios, 1961; Luchins,
1957a, 1957b; Peterson and DuCharme, 1967). However,
requirement of recall apparently enhances the possibility
of recency effects (Schultz, 1963).

These studies, to, the extent that instructional
materials might be regarded as having persuasive effects
or an altering subjective probabilitles, lead to essen-
tTally the same conclusicns as were found with the -serial
position effects. That is, the most important material
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éhould,be presented first and the next most important
material should be presented last.

" Sequencing: Item difficulty. It is generally , e
accepted in the preparation of -instructional material
that a preferable ordering is to begin with the easy
items and proceed to the more difficult. When viewed
from the perspective of psychological research, this
principle poses something of a problem in that the
definition of casy and difficult are somewhat unclear.
In common sense terms, items are difficult for a group
when relatively few people in the group get the items
correct, or a subset of items ig difficult for a subject
when his percentage of correct responses is low, ° In

neither case ig'diffidulty'sole1¥ & property of the item.
Rather, i1t 1s a property of the item as presented to
subjects. - -

Thus, item difficulty depends to some extent on the
background that the subjects have when they encounter the
items. 1In different circumstances, the term easy may
mean different things. 1In some cases, it may simply be
that items are easy because they are familiar.. In other
cases, they may be easy because they are prerequisites. to
& criterion which would be extremely difficult if .under-
taken before acquisition of skills on the prerequisites.

In still other circumstances, items may be easy for the
objective reason that they require fewer steps to dolution.
In addition to these alternative definitions of easy,

there are alternative interpretations as to why an
ordering from easy to difficult might be effective. One
interpretation is that learning acquired with easy material
may be effectively transferred to more difficult items.
Another equally plausible interpretation is that easy

. items lead to more freguent successes and thus pxovide
more positive reinforcements leading to more favorable
motivation conditions. '

In general both applied and basic research tend to
the conclusion already assumed in practice, namely that
sequencing from easy to difficult is more appropriate
(Boutwell, 1971; Hivley, 1962; Moore and Goldiamond,
1964; Terrace, 1963). However, further research is
needed to delimit the locus of this effect and to thus
provide .a basis for greater enhancement. o

Q
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Interaction of Individual Difference Varlables w1th
Stimulus Seguenclng.

In a recent review of the literature, Cronbach and
Snow (1969) suggest that a given individual learns more
easily from one method of instruction than from another.
They alao suggest that the best method differs from A
student to student, and that such differences are related
to the characteristics of the student. Consequently,
optimal instructional conditions may require that the
method of instruction, and in particular, the sequence
of presentation be fitted to the needs of different types
of students. In terms of experimentation, this require-
men: calls for a search for aptitude by treatment inter-
actions. !

There are two general methods one could use to fit
the sequencing of materials to the needs of different
types of students. First, one could search for student
characteristics which could be assessed in advance, and
~which could be shown to indicate a particular sequencing
principle as being most favorable for students possessing
that characteristic. In the absence of such a priori
measurable characteristics, one could measure the behavior
occurring during the instructional activities and use such
behavior as a basis for determining subsequent sequencing
principles. Thus the student's performance on abstract
items; for example, might be used to determine whether
he can handle abstract concepts easily or whether he ‘
needs concrete examples to supplement instruction on
abstract topics. Using the behavior in the learning
task to determine the instructional sequence rests upon
the assumption that behavior in the instructional unit
is the most relevant source of information about the.
ut?dents' needs and strengths in connection with that
o to

In this section, two: major topics deal with attempts
to link a priori subject variables to subject differences
in response to alternative sequencing principles., The
first assess the effect of individual differences in
interaction with logi¢al versus scrambled sequences. The
second assess the effect of individual differences in
interaction with inductive and deductive principles of
sequencing. A third major topic in this section deals
with the adaptive modification of sequences on the basis
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of the subject's résponse during training as this is.

. achieved by branching versus fixed sequences in programmedA'

~instruction. | '

Individual Differences: Logical versus Scrambled
Sequences. Two studies have indicated that the greater
a student's aptitude, as indexed by IQ measures, the
less seriously is his performance affected by scrambled
sequences of presentation (Tobias, 1973; Wodtke, Brown,
Sands, and Fredericks, 1967). The results, such as they -
are, may be interpreted as indicating that sequencing is
probably more important for optimal performance with
students of lower scholastic aptitude. .

" Individual Differences: Inductive versusDeductive

" Sequences. Two studies seem to suggest that some subjects
would be better trained with inductive sequences, while
other subjects might be more effectively trained with
deductive sequences. A study by Orton, McKay and Rainey
(1964) led them to conclude that if a learner is of low-
aptitude, he is more likely to profit from an inductive
order of presentation, while if he is of high aptitude,

he is more likely to profit from a deductive order of
presentation, '

A study by King, Roberts and Kropp (1969) constituted
an effort to identify and validate a priori measures of
‘inductive and deductive aptitude. Several potential
measures of aptitude were used. One measure of inductive
aptitude was the word grouping sub-test ftom the Primary
Mental Abilities test, grade level four to six (Thurstone
and Thurston, 1962). The inference test from the
California Test of Mental Maturity, level two (Sullivan,
Clark and Tregs, 1963) was .selected as a measure of
deductive aptitude. Results indicated a modest correlation
(0.37) between the test of inductive aptitude and perfor-
mance on inductive sequences. Similarly, a modest corre-
lation (0.37) between the deductive aptitude test and
performance on deductive sequences was reported. Neither
of the measures was correlated with performance on
the opposite kind of sequence. .Thus, there was some
‘indication that these measures were marginally valid for
predicting performance in their respective tasks.

. "Several other studies have prodhced equivocal results
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>”in réiéting individual differences to inductive‘anda‘

_deductive sequences; Tallmadge and. Shearer (1969), Koran

(1971), Koran (1972); Krumboltz and Yarboff (1965), In

‘view of these equivocal results and the relatively weak

evidence provided by the two studies ocited above, it is

- clear that no conclusions should be drawn regarding this .

- possible to use information developed during the instruc- '

- so adapt the sequences to the student's need on a real . -

"inductive and deductive sequencing, a computer:supervised - -

principle and on the basis of the subjects' sudcess,

- 6f branching used in actual research, however, have been .

topic. There is 1little to be said except that substantiallyfji?;
more research is required. - i .eooocher TR

.., Branhing vorsug Fixed Soquonces in Programed |
Instruction. If It s difficult to establlish a priori =
individual differences which can be 'used to predetermine -
the appropriate sequence for individuals, perhaps it is - .-

tional process to choose among alternative sequences and

time basis. In principle, the use of branching'teéhniqueg‘

could allow such an_adjustment. For example, if there
really are individual differences in the ‘ability to use ' -

instructional program might begin with say, a -deductive .~ .-

either continue with such 'a principle in further inStfucé‘_~, :
tion or shift to an inductive sequencing. The objectives : :

PR

somewhat more pedestrian.

- Branching has been used principally to provide = - - =i
remedial instruction on the basis of evidence that the I
student is failing relevant test items, or to bypass an
instructional unit on the basis of evidence on a pretest

that the subject does not need instruction on this

material. Early studies of this topic generally fail

to show a differential effect associated with branching;
Silberman, Melaragno, Coulson, and Estavan (1961), S

Coulson and Silberman (1961), Roe (1962), and Campbell

(1963). - i

Subsequent studies have produced somewhat more ~
favorable results.: The Coulson group in a third effort
(Coulson, Estavan, Melaragno, and Silberman, 1962)
found better performance on a criterion test in a group
which had beer instructed with branching sequences.as
compared with a group using fixed sequences. In contrast

_to the previous two studies of the Coulson group, this:
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o errors as branching criteria. . -

'jstudY of,theu¢oulsdn-group]thaE4€he‘sybjectS'inythé.*'h"
. ‘branching condition used fewer items and took, if any- - - '
- - thing, less time to complete the unit:{(no significant . " = |
- differences were found in' the time required). A later :
* also found results tending to 1ndidate’greatér”teéChing;L}f“m‘“

 demonstrated approximately equal performance on the' -

o depending on how one constructed the unit and upOnrthe"\‘\'

tends to influence the number of items used bygthej:.TJf'ﬁg“"»‘
- subject. The tendency seems to be for branching programs . - -
‘ to result in fewer items presented to tHe subject, thus " - ..
. condition spend as much time as is alquéd‘forfthgffixdgi-qu;“

'/ Alternatively, they may spend less time on the sequence ' "

- items, It'is not clearly established in these studies .
. is logically possible that a fixed sequence with the . -
D a8 did brancliing. -

_third study used, as Branching criteria, both errors: - . '

“The results of these two studies are to some extent - .
. complimentary since it would be reasonable to expeat a .

“and' the student evaluation of his own learning procesé;,¢ﬁ}?;gﬁi
The earlier studies with nhegative results had used only ' .. .

‘It may also be noted in eonnéétianwiﬁhitgé third .|

“study by a member of the'cbulson’group,{Mélarégnoﬁ(1967y;‘ f7-f
effectiveness for a branching sequence. This study @ .

criterion test, but found that the branching condition = 7
required less time and fewer items to. complete the unit. .~ °

“trade off between amount learned and time spent. 'Thus, o

branching criteria used, students might either learn’ . -
more material in the same amount of time or the -same . ‘.= .-
amount of material in less time. =~ = - . o

* Caution, hOWever, §hou1d'be’taken‘in interpreting
these studies and others of the same paradigm. Branch- .
ing is the variable intentionally manipulated, but it

the branchine method is -confounded with"a‘:eductiOhjin¥f:J
the number of items. If the subjects in- the branching ..

‘sequence condition, they have more time per item. ®

as was found in the Melaragno study. ‘In either case, . . =
_the effects ‘of the branching variable per.gse are. . - -
‘confounded with the effeots of reducing t

e‘numﬁexlofgfgf;  z:a:f

that branching was required to produce the results. "It ffv?‘ 1

right items’ dropped would have produced the sgame :ggultsgffﬁfﬂff;
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 'needs of the learner. -One study, Atkifson (1972), address- qﬁf?:

If it is supposed that branching sequences may be
better than fixed sequences, one might also ask whether
branching ‘sequences are better than learner-controlled
sequences. Clearly the learner control method also :
offers the possibility for adapting tHg:sequence: to the’

.. ed this question. . . Atkinson investigated alterna=-:

tive methods for optimizing the learning of a German-

 English vocabulary. One method permitted the subject .

to choose on each trial: the next' item to be presented
to him. . Two other methods were based ‘on a mathematical
learning model and utilized .learner response history in . ..
determining on each trial which item was to be presented
next., On a criterion test, the subjects under one of
the computer controlled stratégies achieved the highast -
level of perfoymance. Based on this result one may

- conclude that under some conditions experimenter céntrolledh_ ,h,;

~ branching is more effective than pure learner control.

“The above stﬁdies‘suggést‘that branching seéuencesf;: v:jglﬁ*

may yield detectable improvements in performance or
reduction in time required to complete the unit. Some ,
caution in accepting this conclusion should be exercised -
as indicated. ' There is a general problem with research
in this area because units of programmed instruction are
generally quite gifective, at least as measured by their
own criterion test. If the average performance on a
criterion test following.a fixed sequence of programmed

- instruction is quite high, there .is relatively little

room for demonstrating subsequent improvement.. When a
branching sequence is introduced, in fact, the most
likely place in which improvement, could be found is in
the reduction of time resulting from a reduction of the °
number of items. But, as noted abovgy branching is not
the only way in which one could redude the number of -
items. If a group of subjents were presented an instruc-
tional unit with branching options, one could tally the
frequency with which each optional item is used, and on
the basis of that, drop out the least frequently used
items to produce a shorter sequence having the same
average number of items as used in the branching sequences.
A comparison of such a sequence with branching sequences
would be required to establish that branching itself, as
distinguished from reduction in the number of items, is
the source of the results found above.
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Beyond this, there is a need for research to esta-
-blish cost-effectiveness parameters. It is not sufficient
to know that branching offers certain advantages. One. ’
must also know the magnitude of the time saving, for -
example, in-order to determine whether it is worth the
~additional cost in terms of preparation effort and ‘
computer programming to utilize branching.

It should also be noted that the possibilities: of
branching have never been fully explored. As indicated
. at the beginning of the discussion, studies of branching
have really been studies of sequencing only in the sense
that the branching introduced remedial instruction when -
called for and skipped over material when the students'
performance indicated no need for instruction on that
material. 1In other respects, the sequencing was in
fact some a priori sequence determined. at the time the
instructional raterial was prepared. Some of the ordering
principles reviewed earliexr in this paper could be incor-
porated into a branching strategy which would have the
potential for adapting the instructional sequence to the
needs of the subject over some substantial range of
ordering principles. If sequencing strongly interacts
with individual differences, this may be one of the most
promiging avenues for discovering such aa effect and
utilizing it for practical instruciional purposes.

Sequencing of Supplementary Instructional Material.

Instructional material can be viewed ds composed of
two components, One component includes the bare bones
of the information to be presented, sentences or frames
which directly convey the information that will be required
subsequently on a criterion test. Given just this core '
material, an extremely good learner with sufficient
effort should be able to extract all of the information
he needs for a high score on the criterion test.

The other component includes material which is
provided in the apparent belief that it will facilitate
learning. Such material is not essential; it is redundant
in the sense that it repeats information provided in the -
core components, and its function is presumably to.intgxest
the student, to organize the material for him to highlight
important points, to cause him to recall mater%al, and so
forth., This supplementary instructional material can be

Q
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S Scandura and Wells, 1967) that advanced organizers:

%

_subdivided into three categories- advanced organizers,
questions, and reviews.: In ‘this" section, we will deal
with eaoh of these subcategories. ' . S

. Facilitating Perrormangez Advanced Organizers.a :
aAdvancea organizers are introductory material at a high”
- level of abstraction, generality, and inclusiveness.g;:.'olg‘
- They -are designed to provide an overview of the materials = =
to be learned in terms which are familiar to.the: student.ﬁtf
Research on.this topic has typically contrasted the’ ﬁﬂ;‘“,vf
effectiveness of advanced. ‘organizers with a historical . .
. ‘introduction of approximately equal length. - The resultswif&
 indicate (Ausubel, 1960; Ausubel and Fitzgerlad,: 19623 .

‘enhance: retention as measured by a ‘subsequent ‘criterion .
test:. These reassuring results confirm: that the fairly
. general practice of preparing instruotional materials
with an overview in front is, indeed, scientifically
justifiable and should be COntinued. SR SR

\ Facilitat Performance. Questions.» Questions
may be posed before or after the presentation of an -
instructional passage. Such questions may be very:

- general in nature, or ‘they may focus upon particular
“items in theé passage. General questions might more
 properly be viewed as an alternative form of advanced.
organizers. More-scientific questions have bean :used. in
the research discussed here. A principle purpose ‘of -
‘this research was to determine whether such questions
would facilitate criterion performance as compared to
instruction without the questions. A second purpose.
was to determine the relative effects of placing the -
questions before the instructional material as compared =~ sl
with placing them after it. Bruning (1968), Frase (1969b), R
Rothkopf (1966), Rothkopf and Bisbicos (1967), have R
conducted studies on this question. The results have

also been reviewed by Frase (1970) ' SN :

The findings of these studies indicate that whether
questions are inscried before or after the passage, they
nevertheless facilitate oriterion performance. There is
a difference.in the effect of placement, however. '
Questions inserted prior to the passage tend to -favor the
acquisition of materials specifically relevant to the
‘questions. Material not ralevant to the questions is
not retained as well as it is when the questions are
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' omltted.  Thus, there would appear to be a trade off
-effect produced by using questions in advance of the ., . .
-*instxuctional;pgsaaqe,‘ T R s R RS .

.- Questions provided after the instructional passage ' .

- have a mqreAgenerally‘favorable‘efiec;;?prv;dgq.tban;~ R
.. a . sequence of}such“passageseandgsubseQuent;ggegtions113 SRR
i, . presented.: Under‘th”seaoircumstanCési;the*ﬁféSénce]ofjﬂjgf“. o

~ the questions facilitates the acquisition both of : ' "~ .o

. _material relevant to the questiong and of material =~ - o
* untelated to the questions. = = . R Tt I AN
. . On the basis of ‘the above ‘studies, it appears that . .. 7
questions are useful as supplementary material.: Questions = . -

~ prior to the instructional passage:  may be useful for .. - .
*Qemphasizing<or»pointing»Qut'partiqularly important items. .-
- to be learned. Questions presented after the instructional < =

- passage may not only provide rehearsal on the item R i

associated with the question, but may also provide = . o
circumstances which reinforce effective learning: behaviors. - o
Such guestions could, thereby, lead to a general improve- - -
ment in learning on the part of the student., Such. .. .

questions may also serve to indicate to the student the . . . .-
kind of material he is required to ‘learn for' sucgess on . .-

the criterion test.

o Facilitnting Perfoxmance: - Reviews. It is generally - o
. supposed in the preparation of instructional materials = . ‘..
. that reviews of some sort.are useful, Research by -Gay . = ... .
i - (1971) supports this view and furthermore ‘indicates that . =
. in ‘presenting more than one review, it.is useful .to .
 distribute the reviews over time, 'Other evidence '@ - -~ .
(Ausubel and Youssef, 1965) tends to confirm this'con- -
clusion, which is also consistent with the geheral ‘... .
istributed practice cited .~ . .

_ finding of massed versus. d
. earlie; in this report. -

Describing I“ermatibﬁ:St;uétufe;_.‘j T

. In the introductory section of this report, we . . - - .
.~ . discussed the properties of instructional contegt that . -~ "
might influence the sequence of presentation. . e noted . :

_that the critical aspect of instructional material, . . 7«
which may bear upon this question, is that of intexr~ - =

~ dependence or relationships among the items.to be:taught.;,




We will designate the set. of relationships among the
concepts in an instructional unit as its structure.

The structure of teaching materials can be subdivided
into two general categories, the semantic structure and
the teaching structure. :

The semantlc structure of a unit is composed of the
conceptual interrelationships which are inherently part
of the material to be learned. Examples of these
relationships are: (1) temporal, (2} spatial, (3)
attribute-concept, (4) part-whole, and (5) subset-
superset. Most of these relationships bhave been ,
mentioned in the preceeding sections. Two of them,
hierarchical structures {composed of subset-superset’
relationships) and concept-attribute relationships,
were discussed at some length as potential bases for
‘ partlcular sequencxng principles.

Teaching structures are sets of relatlonshlps among
concepts which are introduced specifically for the
purpose of improving the effectiveness of instruction.
Illustrations of teaching structures are rule-examples
and analogies. A, third relationship, which might some= - .
times fit under this category, ic that of prerequisite-
criterion. The rule-examples relationship has been
discussed in an earlier section under the heading of
inductive versus deductive sequencing. The prerequi-
site-criterion relatlonship was discussed in connaction
with the sequencing of hieraxrchical materlal.

Information structure may be important in ordering
in at least two-ways. First, an instructional unit may
be represented by a single pure structure, that is a
structure containing only one type of relatlonshxp.

For ‘example, a pure structure may be involved in teaching
an individual out the capabilities of a set of weapcns.
In this instructional setting the only relationships
between the weapons and their capabllitxes are ones of
concept-attribute. Once this structure is discovered

(in this case it is fairly obvious) then empirically
devised principles of ordering concept-attribute
structures can be employed (see the section on Sequence
Organization: Concept Name Versus Attribute, page 37,, -
for further details). This example can obviously be
extended to any instructional situation, where there is
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primarily one type of relationship between the items to.
be learned, and where principles of ordering material
with this type of relationship are well specified. The
basic problem is to develop techniques for discovering
the nature of the underlying relationship in a pure
structure so that appropriate sequenc1ng principles can
be employed. ‘

A second way in which structure might be used to
determine optimal sequencing lies in the possibility
that principles for deriving optimal sequence from any
known structure might be developed:. This latter consi-
deration becomes particularly important when we recognize
that many instructional units fail to constitute pure
structures of any single kind. Rather, they tend to be
compounds in which several different kinds of relation-~
ships exist among the concepts.

For example, in an instructional unit dealing with
basic concepts in physics we might find such concepts
as matter, atom, electron, nucleus, valence, free electron,
bound electron, and conductor. Atom has a part-whole
relationship to matter; i.e., matter is composed of atoms.
Nucleus and electron also have a part-whole relationship
-to atom, and they are themselves subject to a gpatial
relationship. The concepts free and bound have an
attribute relationship to electron. Valence has an attri-
bute relationship to atom. Free electron and conductor
have multiple or alternative relationships. In one
sense, a free electron is part of a conductor. But that
does not fully express the relationship since an atom is
also part of a conductor.- In fact, free electrons are
also related to conductor as a defining attribute. That
is, a conductor is a substance which has many free electrons,

These physics components described provide an example
of a compound structure (multiple types of interrelation-
ships). With this type of structure it would be necessary -
to fully describe the relationships between concepts and )
to produce an idiosyncratic orderxing taking into account
the nature and strength of these relationships. Clearly
what is needed is a means for describing such a structure
and a technology for deriving an optimal order from it.

Q
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L There is still another reason for seeking a capability o
of describing information structures; better methods are Sy
-needed for assessing comprehension and learning. . The L
semantic structure of a teaching unit is inherently part
of what is to be taught. - Indeed, it would -appear that
‘with regard to conceptual material, we may distinguish\
between elementary facts and semantic or conceptual .~ -

. structure. 1If so, we would suppose that when a person -
- is said to-know some of the detaiis of a unit, but not . oo
. to_have comprehended.the entire thing, we mean that he
 has not acquired the semantic.structure (the set of
relationships among items). In other words, it may be .
that when a person comprehends conceptual material, he
is representing it to himself in a way that is consistent
- with a generally accepted semantic¢ structure. Thus, we
...~ migh% use methods for describing semantic structure, not
S only as a method for sequéncing, but alsc as a nathod -
. for assessing;the adequacy of comprehension over and’ : “g -
above the,é}%&nt to which detailed items have been 1earned.;;“

We may identify three general techniques which might .- -
be considered approaches to the description of information;gf} 2
structures. These are: learning hierarchies of the . RS
prerequisite-criterion type, structureal analysis, and
multidimensional scaling. :

Learning Hierarchies. Learning hierarchies were
discussed previously in the Stimulus Sequencing section.
The general supposition underlying this approach is that
learning is cummvlative. It is assumed for any given .
criterion task, there are prerequisites which can be . =
identified and which must be mastered before the criterion
task can be accomplished. Examples of theoretical and
empirical work in this area are: Gagne (1968, 1970),
Resnick (1967), Bloom, Hastings and Madaus (1971), and '
Merrill (1973). A review of theoretical. issues in this
area is provided by Okey (1973).

: As characterized by Okey, the standard procedure for
specifing a learning hierarchy is to work backward from a
terminal task stated as a specific performance outcome.

. The person developing the hierarchy asks himself, "What

"t would the learner have to know to learn the task most.
efficiently?” 1In answering this question, one or more
prerequisite tasks may be identified. This same question-
ing process is applied to the tasks identified in response
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to its first application and so on recursively until the
tasks being identified are skills already acquired by the
learners. The rationale for this approach has been set
forth primarily in.the context of mastering such tasks

as arithmetic and algebra. It is of course, generally
acknowledged that clear prerequisites exist in such cases.
However, such a clear structure probably does not exist
in most other bodies of instructional material, :

According to Okey, the way to validate a learning
hierarchy is to determine whether it describes the actual
learning sequence in a large percentage of the learners. As
a matter of fact, stich a criterion is necessary but by no
means sufficient since it does not provide for assessment of
the critical attribute of a prerequisite;-a task which must
be mastered before the subsequent task can be performed.
Merely to deatermine that tasks are mastered in a particular
Sequence confounds the prerequisite-criterion relationship
with the easy-difficulty ¥¢ariable in that a task mastered
earlier may not be a prerequisite for a later task, but may
merely be easier to learn than the later task. Thus, there
is some reason to doubt the adequacy of validation of the
learning hierarchies as reported by Okey. This apparent
validation may merely reflect the investigators' ability to
order items from easy to difficult. Such an ordering, of
-course, could in itself constitute a principle for *
instructional sequencing and, indeed, has been discussed
in the section on stimulus sequencing. However, such an
approach would not constitute the utilization of a
prerequisite-criterion structure.

Another difficulty with the learning hierarchy approach
is it rests upon the assumption that strong prerequisite-
criterion relationships exist in the material, and the
specification of these relationships is a useful way of
describing the structure and seeking the relationships.
Even if it were generally applicable, the ‘learning
hierarchy approach would not in itself result in any
_general principles because the notion of a prerequisite
does not embody any general principle other than an
assertion of optimal order. If one knew, for example,
that all conceptual hierarchies are best taught in a
particular fashion, this principle would apply to every
new conceptual hierarchy encountered. In the prerequi-
site-criterion framework, however, each new criterion
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task is a new challenge to identify prerequisites. 1In
fact, any more general procedure for identifying an
optimal ordering is an alternative method for specifying
prerequisite-criterion relationships, if we take the term
prerequisite in a less than strict sense.

In addition to these disadvantages the learning
hierarchy approach rests upon the skill or art of the
developer to identify genuine prerequisites. - The pro-
cedure is not replicable and is not readily subject to
improvement, except by training of developers, and in
any case is likely to be. very expensive.

) ‘Structural Analysis. Information structures nay

- also be identified by structural analysis methods. Three
researchers, Fredericksen (1971), Frase (1969b), and .
Crothexs (1970, 1971) have developed methods of desciibing
the semantic structure of text passages by separating the
structure into underlying components representing semantic
content and superficial components corresponding to style.
The semantic component is represented as some form of
hierarchy with the higher level elements corresponding to
the general meaning of the passage. The nature of the
relationships between elements are specified in this
analysis. ’

The procedure for the analysis is far too elabsratc
to describe here. It is not explicit or replicable, but
must be accomplished by persons already skilled in its
application. Moreover, the analysis has been applied to
only a few pagsages thus far. 'rhe intent of current
structural . analysis investigations is to explore its
utility and induce an algorithm which can then be made .
explicit and general.' If that objective is accomplished,
this method is extremely promising. But until it occurs,
the techniques is more art than science and would be far
too expensive for any practical application.

Multidimensional Scaling. Multidimensional scaling,
4 recent analytic technique which has come to prominance
in studies of perception, has also been proposed as a
methodology for defining information structures (inter-.
relationships among concepts). The procedure was
originally daveloped for studying how humans perceive or
interpret relations among complex collections of objects
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or events (Torgerson, 1958). A reviey of more recent
- applications is provided by Zinnes, 1969.

As indicated earlier, an information structure is a
set of interrelationships among conceptual units. When
the relationships are of one kind as in a pure structure, .
the identification of such relationship is generally not
difficult. If, however, there exist many types of '

" relationships in the same body of material, identification

~and specification of those relationships (as with the
~compound structures described earlier) may become
extremely complex and even impossible without some
tephnological assistance.

At this point, multidimensional scaling offers a

‘useful mechanism. It is certainly possible to obtain
from people judgments abodt the extent to which pairs of
items are related, taking each pair at a time. Such"
pair-wise comparisons may reduce the problem of describ-
ing the structure to a manageable size from the standpoint
of the judge. The set of pair-wise comparisons can be
analyzed by multidimensional scaling procedures in such

a way as to recover an organizational framework which can
account for the judgments. The distance relationships

in this framework offer a possible description of the
information structure used by the, judges assessing the
relationships.

Thus, with material of unknown information structure,
it is possible to obtain judgments from a collection of
people knowledgeable about the material and to analyze
these judgments in a way which produces a description of:
the information structure. Multidimensional scaling
techniques not only allow for the inference of a structure
on the basis of pair-wise comparisons, but they also permit
the creation of an average structure which integrates the
judgments from any desired number of experts. The result,
under favorable circumstances, would be a consensus o
structure which avoids the idiosyncrasies that might be

associated with any particular individual's viewpoint.

As originally developed, multidimensional scaling
techniques wexe intended to permit the description of
structures of stimuli in which the stimuli had multiple
interrelationships. For example, the perception of

56

‘ .



similarities between random shapes varying on a number
~‘of dimensions. (e.g., symmetry, area, and jaggedness) - :
has been explored with multidimensional scaling techniques.
> - It has subsequently become clear that the techniques could:
v ~also be used for describing interrelationships among
T cognitive units, as well as, perceptual units., Clifton -
and Odom (1966) used multidimensional scaling methods to ;.*. _
study propositions derived from psycholinguistiocs. The R
stimuli in this case were sentences which differed by . AR
- standard grammatical tranaformations (i.e..,: combinations e
of passive, negative, and question transformations). - .
- Subjects in this experiment were ‘asked to make similarity
judgments on all possible pairs of stimulus. sentencesg, = .
These judgments were then submitted to the INSCAL program. .. -~
(Carroll and Chang, 1970) for multidimensional scaling. =~ =
From a psycholinguistic standpoint it would be expected -
‘that the subjects would perceive the géntences as varyingi;~
on three dimensions corresponding to the three classes of: -
transformations used. The conceptual spacés produced by . -
the INSCAL program did indeed contain the three expected IR
dimensions. Further, the locations of the sentences in:
the conceptual spaces were congruent with theoretioal
‘expectations.

Dansereau,  Fenker and Evans (1970) had subjects makeh
judgments abpgut stimuli stored in memory. The structures-
recovered by the multidimensional techniques were similar = -
to. those obtained when the subjects were judging the

- stimuli themselves, thus indicating that scaling methods .
are appljcable to judgments of relationships stored in
memory as well as to relationships visible during percep-
tion. It is, therefore, possible to use multidimensional
scaling to tap the internalized cognitive structure of
an expert in a particular area. o

Wainer and Berg (1972) used a multidimensional
scaling technique to irnfer an information structure
employed by students judging literary works. The students
- rated short storxies according to their similarity, and
subsequent multidimensional scaling analysis of the results
produced two well defined dimensions which were readily
interpretable in a literary sense. The authors concluded
that this method might be suitable for evaluating students'
understanding of literary works and for determining the
effectiveness of instruction,
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Multidimensional scaling appears to offer substantial
advantages for producing descriptions of information
. structures. It is not limited in application to pure
structures alone, but is suitable for compound structures .
(such as, the semiconductor, atom, and electron structure
described earlier), redgardless of whether the relation-
ships among concepts are known or not., Furthermore, it:
constitutes an explicit procedure for produc1ng an infor-
- mation structure, a procedure which can be réplicated with
other judges and which should produce similar results from
different sets of judges. The judges themselves need no
- particular training in operating with the assessment
technique, so that, while the information structure is
subjective (as it must inevitably be), it is not the
subjective judgment of a single individual or the result
of a training technique. Multidimensional scaling can,
thus, be regarded as a technology rather than an art,
and one which can be applied relatively inexpensively.’

Derivation of a stimulus order from a structure
produced by multidimensional scaling would still be an -
art at this time, but since the structure can be specified
explicitly, it is also possible to propose and evaluate
‘explicit procedures for deriving an order from the
structure (a preliminary attempt at deriving stimulus
sequences is presented in Annex B). '~ Thus, it is possible
that the multidimensional scaling could be used to produce,
not only an information structure, but also a specified
ordering in an explicit and standardized fashion. If
successful, this sequencing technique would be replicable,
and applicable to a wide variety of instructional
materials,

Moreover, since the responses used in the scallng
require no particular training, these responses can also
be obtained from gstudents, as sugqested in some of the
studies mentioned previously. ' Part of what a student is
supposed to acquire as a result of instruction on concep-
tually complex material may be a representation of the
interrelationships among ‘concepts;: that is, the information
structure. If that is so, it would be possible to measure
the extent of agreement between the structure recovered
.for a given student and the consensus structure of the
experts. That extent of agreement might be taken as a '
measure of the student's conceptual grasp of the material.

Q
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If this measure should prove valid, it would offer not
only a general measure of the student's grasp, but a
specific indication ofgwhere the student was deficient.
The extent to which the student matched the consensus
information structure. could be assessed on each dimension
of that structure, and if he were found to be deficient
on a particular dimension, that information might be used
to decide on an appropriate remedial training activity. to
improve his utilization of that particular conceptual-
dimension. For example, in the context of the Clifton and
Odom (1966) transformational grammar study, if the
conceptual space derived via multidimensional scaling
for a particular subject indicated that he. used only
' two dimensions in making his similarity judgments (e.g.,
dimensions corresponding to negative and passive transfor-
mations) rather than three, then training on the third
dimension (in this case, the question transformation)
would most likely enhance his perceptual processing in .
this situation. .

Recommended Directiens for‘FutureﬂReSearth.

Specific conclusions and recommendations have been
made at the close of most of the sections. A few major
recommendations stand out in a review of these specific
recqmmendations. -

Description of Information Structures. Much more ,
attention should be paid to the development of procedures
for describing the information structure and relating .
the ordering of instructional materials to such a struc-
ture in the context of research. Information structure,
as described on page 51, is the set of interrelationships
among the concepts, or items, to be taught in an instruc-

. tional unit. These interrelationships among concepts may
be of a variety of types: temporal, spatial, concept-
attribute, part-whole, superset-subset, and rqle-example.
In a pure information structure all interrelationships ’
among concepts are of the same type (e.g., concept-attri-
bute). In a compound information structure there are
two or more different types of interrelationships
composing the structure.

For the most part, the basic strategy for' relating
content to ordering has been to identify or impose a pure.

;o
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-~ information structure upon the naterials, and then to

~ apply an ordering principle to that structure. The only

. alternative to this procedure appears to be the use of

- ~exXpert opinion to ‘produce an ordering on the basis of =~

the subjective and unknown principles used by the expert.

. Thus, it appears.that;explicit‘and_generally,applipabled<
ordering principles must be derived by identifying -~ . ...

classes of'information,structUre”(e,g.,'conceptéattribute-f

relationships) and testingfthéveffectivehess:bf.standard~“"

. . ordering prinojples (e.g., organization by concept or by
o attribute). = . ‘ o L :

: A major limitation to this strategy is that_éimple‘j
" and pure information structures may be relatively rare in
practical instructional units. Thus, while the importance
of this information structure as a basis for studying . =

ordering processes must surely be acknowledged, niethods
must be developed which allow for the description 6f
information structures as complex as those that are found -
in typical instructional units. ' Furthermore, explicit,
objective procedures must be developed which allow the
speci.fication of possibly appropriate orders from the
knowledge of the information structure. Finally, the
explicit ordering procedures -must be evaluated for
effectiveness in practical instructional contexts.

 pevalnnment of Dependent Measures. " Associated -

with this research it will be essential to develop and
validate dependent variables which are sensitive to the

- lea¥ning of conceptual material. Tests which primarily

.~ méasure the student's recall of individual facts may not.
_adequately reflect his_mastery'of‘the_conceptual aspects.
of the material (that is, the interrelationships between

‘ concepts). If conceptual mastery is desired, separate -
tests may be needed. Tests which can be validated by - -
mo:e_generally\acceptable measureSvof'conceptual mastery,
such as, performance on an\essay\test, can be used. :
Measures based ¢n multidimensional scaling may also be
applicable for these purposes. o » :

- Bffects of Individual Differences. Finally, more
attention needs to be given to individual differences

and their interaction with instructional variables such
as ordering. On the basis of the present review, it
is clear that the research base for conclusions about
the importance of individual differences is distressingly .
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fgj;fWeak. Thus, the evidence cannot be oited as, demOnstr:tin'
~major -individual difference effacts in interaction’

... -.sequeéncing.:  Nevertheless, there is a. widedpread,
s’;“soientifically substantiated balief. among teache:

-+ ’substantial individual: differences. ‘exist with ‘respec
-, responsivenegs to. alternative teachipg methodss " I
 differences do exist, they must be taken:into acc
}sgdequately dn:the’ execution of, h hi

RERN 3 » soug 1¢ uld
" responsiveness to.particulayr: ordering:pr neipls
practical -applications; branohing techniques

\“;instruétions ‘and .pretests) provlaing diagnosti _
,jaboqt points: of familiarity for- the individua o
may prove to be useful in- adjusting instructi‘”

to individual needs. S ,




CHAPTER II
EMPIRICAL DEVELOPMENT .
© . The review and synthesis of the ‘literature showed’
“that the sequence in which instructional material is = -
presented may influence the ‘effdctivenesgs of -instruction,

- as measured by the achievement level or by the time -

required to reach a specified achievement level.  Accord-
"ingly, if the optimum sequence of a particular body of =
material were known, training programs could probably . -
be ‘made more ‘effective and more efficient. 'The literature
on the effects of sequencing, however, iS»reglete with .=
conflicting studies. .Sequence effects are often found,

" but there are enough exceptions to-suggest that we do not '

" . yet know all of the conditions which are necessary to -

o produce sequence effects or use them constructively in
~_the 'design of instructional material.,. = . . L

. 4 Chapter I indioated that there are at least two . .

"~ major reasons for the lack of definitive cOncluaionSaon-‘."
the effects of instructional sequence. ' S

“(1) There is presently no systematic method for E
producing potentially optimal sequences. If we assume
that the underlying structure of the body of material -
the interrelationships’ among the concepts - is a major
determinant of the optimal order of presentation (as

7},,disc039ed’1n the Information Structure section of =
" Chapter 1), then what is needed is an.objective and

"7-broadly applicable methqd for describing this structure. -

; (2) Individﬁal‘diffétéﬂdééimgy'éﬁtdnéifhiﬁtefact
with instructional sequencing. Thus, there may be ho

* single optimal sequence, rather there may be meveral . -

' sequences

which are optimal if fitted to.the appropriate.

. individual. Most of the research on the effects of
' . gequencing has not adequately taken into,account the

- 'potential role of individual differences;. such anjomissioh»"

could greatly attenuate the apparent effectiveness of .
‘gequences. Ideally, the information sequences should be"

% tailored to the individuals heeds, current preparation,

and perhaps his learning information-processing habits.
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The purpose of this regearch program is to study
" the effects of sequence in a coherent fashion, taking
into account the above mentioned ‘difficulties. In
particular, this program has heen designedx

(1) To investigate the utility of multidimensional
scaling as a method for describing the underlying strug- . . =
ture of Air Force instructional material, and, - .consequently, H
to investigate its utility as a basis for derivinq poten-v".:jf
tially optimal sequences; ' : B ‘ S exria

() To determine whether there are interactions B
betwee information sequence and measures of intelleotual L
ability. . T S

(3) To assess«the effectiveness of these sequences'”
with two modes of presentation, "verbal and ictbrial"
~and two levels of difficulty of the instructional . -

material; both of these might be - expected: to interact
strongly with' individual d fferences.,?“v SR .

(4) To assess the interrelationships and aensitivity‘
of several measures of comprehension, including multidimendr
sional scaling. _ . , . KIS

In this portion ‘of the report we will present:

(1) An overview of the major study to be Conducted
in Phase II of this research’ program, - .
- (2) A discussion of the stimulus materials and
dependent measures which have beenh developed for use
in the pilot studies, and which will fori the basis, for
the selection of materials to be used in the main study.

(3) A detailed report of the pilot studies results.l'
Overview of the M_jor Study. '

The major study to be conducted in Phaae II' of this
research program is designed to fulfill the purposes
enumerated previously and, thus, dispel some of the
uncertainty about the effects of information sequencing
on instructional success. It is planned that this study
will .use one hunc¢red and eighty Air Force ROTC students

- 63



{as subjests in a fully crossed 2 by 2 by 3 design with .
}15 subjects per cell.. The independent variables will be:’

T (1)  Mode g_ gresentation, "verbal versus
- The ‘same instructional content will be presented in two
.. different forms, one enmphasizing verbal instruction in

"vf:of pictorial and graphic presentation-:‘

(2) * DLfficulty of instructional Haterial. 'rwo Ai.#f e

Force instructional packages differing in the ease of
acquisition will be used, .The fact that these packages

differ in level of difficulty has béen established empiréU" e

o ically in one of the pilot studies. |

S

(3) Stimulus sequence. The’ instructional packages7 “”

. have been decomposed into small units with each unit’
- ' bearing upon-a particular concept. The ‘units from’ each
~ of the instructional packages 11 be .arranged ‘An- three
' ‘different orders. -One order will be' ‘that used in the..
- original Air Force instructional package, the other two

- orders will be derived from the multidimensional scaling__l,uffﬁi

o technique.

, In addition to the above independent variables,
measures of each subject's intellectual ability will. be*

correlated with performance on the. experimental task, 80

as to determine the extent to which this measure.of

?task.‘

Ltﬁis major study have been agsessed: and modified in a-

~the results of these studies, the stimuli and dependent
,measures will ba. presented.» o ‘ ‘ ‘

JStimulus Materials.:

In this section we will discuss: ‘

ttheir conversion into pictorial analogs,;-f

64 : ’

'21otdrial"1'i

- the form of printed text,-the other making maximum use S

liindividual differences interacts with the’ independent f‘fff;;»ﬁ
_variables in determining performance in the. experimental\*;;;'”“

The stimulus materials and dependent variables for rj]h;,r_

‘series of three pilot studies. Prior to a discussion: offdi"f”“

(l) the ‘selection of the instructional packages and P




-

(2) the description of the underlying structure of

these packages (interrelationships of key concepts) by
multidimensional scaling, and

(3) the derivaticn ana selection of objectiVe infor-
mational sequences from the multidimensional scaling
. solutions through the uge of ordering algorithms.“

Selection and Conversion of Instructiohal Material.
Three sets of Air Force instructional material . were
selected after extensive examination of a variety of = =
instructional packages related to the training of Precision
Measuring Equipment Specialists and of technigians in Ry
. %aintenance Electronics. ‘The criteria used were as,:lf, B

o lows. . o U : BRI

(1) Each instructional set should consist of .
approximately fifty minutes of coherent material.g";

(2}  The material should be representable in both
a pictorial and verbal format.-;‘- SR ,

(3) The material should be amenable to’ multidimen— e
sional scaling. In particular, the -ingtructional: material
“should be composed of ten to twenty interrelated key -
concepts.: A S

The three sets of material chosen for inclusioh in
the pilot studies on the basis of these criteria-ares

(1) The Characteristics of Matter (pages 1-22- of : R
. the document labeled Precislon Measuring Equipment’ el A
Specialist, DC Cir uit Analyses Blocks II}, 4 P

~ (2) Oscilloscope Operations (pages 1-18 of the'
Maintance Electronics document entitled Oscilloscope
Operation),

{3) Semiconductor Theory,(pages 7-24 of the
Majintenance Electronics document entitled Semiconductor
Theory and Solid-State Diodes)

The original material in thefthree'chosen packeges
is primarily verbal. To investigate the effects of .
pictorial as well as of verbal presentation, alternate
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- forms were created by converting these primarily verbal
packages into primarily pictorial representations.
Approximately seventeen key concepts were derived from
each of the packages, and a concept by concept matching
of the information was maintained between verbal and
pictorial modes. :

These stimulus packages were prepared in booklet
form containing approximately one concept pey page for
presentation to subjects. - Pilot Study 2 provided evidence
that the Characteristics of Matter package was

learned most effectively.- .Of the two more difficult
packages, the Semiconductor Theory package posed special ‘
problems for administration and interpretation of effects
because it required some pretraining for students to be
able to handle the concepts presented. Accordingly,

- this package was not included in the main study. The

- Characteristics of Matter package and the Osgcilloscope:

- Operation package were retained to represent two levels
og Instructional difficulty. . Of the three stimulus
packages used in testing, one sample package, Charac-

. teristics of Matter, is presented in both forms, verbal
and pictorial, In Annex A.

' Obtaining Descriptions of the Information Structurés,
The two retained packages were studled separately by six
iftdividuals with some prior expertise in the respective
content areas. Both physics and psychology graduate
students were employed. For each package the experts
were asked to provide relatedness judgments between
all possible pairs of key concepts. Similarity or
- relatedness judgments were submitted to the INSCAL
‘multidimensional scaling program; this technique was
described briefly in Chapter 1. A .sample of (Charao-
teristics of Matter) the instructions and stimulus
materials for these tasks are presented in Annex C,

Two dimensional solutions were judged most appro-
priate’ for each package, a sample of these solutions
are presented graphically in Figure 1. The distance
- between each concept reflects the experts' judgments
as to how strongly the concepts should be related
during instruction - the nearer two concepts are, C
. graphically, the more strongly they are judged to be .

Q
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5ﬂtéiated. ‘The INSCAL prpqram\aiéd=§foduCés f6r;each

-’ 'judde a set of numerical;weightS*indicatipgjthe-exten;,"~ _"  o
-+ to which that judge'usedfeach‘of'thé’dimensions in his

“‘judgments, "A gsample of these welghts is also presented '
‘graphically in Figure 2. ‘The tightness of the ‘clusters

- of expertg in the judges
. ment on the relatedness of the concepts. .

; 'DeVelqpﬂeht'gg'InfdrmationfSeqUeﬁces. The multi~ -
dimensional scaling solutions provide an explicit .. -

description of the information structures. To use

' these descriptions in developing stimulus sedquences, =

-+ Dr. Selby Evans has produced a.number1of‘computer‘based,"
- algorithms. These slgorithme take as input the ~
" coordinates of the key concepts in a space derived by -

“ the INSCAL program and produceé stimulus orders of key -

" concepts based on various criteria of spatial proximity. =
' 'Details on the algorithms used and the sequences Lo

. produced for Pilol: Study No. 3 are presented in Anhéi R

Depeﬁdeht'Measures.‘

. Five dependent measures have been developed for
use in the main study. These measures will be discussed
separately below. E - ' S

8 Similarity Judgments, This is a‘new7measure,6£ _—
“performance which requires the student to make related-

' gpaces indicates their‘ggrée_:vli,,ff7

"~ ness judgments between all possible pairs,offkey_concepts.;W::

= _Judgments ‘are entered into the INSCAL program and the

‘Yesulting spaces compared to the SPaces-Pr°du°ed»bY]the,-_‘l L

experts and spaces produced by other students. - Distance

‘measures and correlations between spaces provide quanti=

?l'tatiVe indices. of correspondence in such comparisons. -

~ " The INSCAL measure, obtained after training, providés '5,3\fV 

. an” indication of how well a particular student has-
~'understood the relationships among concepts. This . -

* technique has some obvious advantages .over - tests of -

- idolated facts in measuring comprehension. 'In fact, -
* the similarity judgment technique may prove-to be an
~ objectively scorable alternative to essay tests. A

’7;;samplefof.thé”similarity. judgment instructions and

T stimulus.mategiais.(Cha:acteristics of Mattey) is
presented in Annex C. R : . L
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Verbal Multiple Choice Tests. This measure consists
- of the set of questions developed by- the Air Force to
. assess'understanding of the instructional materials. A
sample of these questions are presented in Annex D.

‘ Pictorial Multiple Choice Tests. This measure .’

consists of dlrect pictorial analggs of the verbal questions
developed by the Air Force (verbal multiple choice tests).

A gsample of these questions are presented in Annex D..

Standard Cloze Technigue. This technique ‘was devel~
oped hy Taylor (1953) to measure’ reading comprehension.,
Every nth word in the original text is replaced by a
blank In the text phrase which the student is required:
to fi11. 'The student's comprehension score is the sum
of the blanks correctly filled by the student.~ For the
Present experimentation every fifteenth word in'the Air
Force instructional material was replaced by a blank.,
An example of these tests is presented in Annex E.

. Concept Cloze Technique. A modified version of the
Cloze, developed by Dr. Selby Evans, was also employed.
With this technique the occurrence of each key concept’

in' the reading phrase is replaced by a letter in the

test phrase. The same letter is used for every occurrence
of a particular concept. The student is required to
indicate to which concept each letter is related. An
example of these tests 1s presented in Annex E, '

- Descriptions of the Co;pleted Pilot Work.

% A series of three pilot studies designed to provide
inférmation necessary for the successful execution of
the major, Phase II experiment was conducted. Each of
these studies is discussed separately below. '

Pilot Studx 1. This study was designed to assess
the effects of presentation rate (35 seconds per booklet
page versus. 45 seconds per booklet page) and mode (verbal =
versus pictorial)-on five dependent measures of performance
on the Oscilloscope Operation stimulus” ‘package,

The main purposes of this study were:

(1) To arrive at-a stimulus presentation rate
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leading to mid—range performance, avoiding “ceiling"
and "floor" effects, with both verbal and pictorial-"
stimuli. Mid-range performance should provide sufficient

statistical power to detect subtle differences in perfor-

mance in the main, Phase II study.

(2). To determine the appropriateness of the dependent ‘
measures in assessing performance with both the pictorxal :

and ‘verbal modes.

' Method. Twenty-four male and female undergraduate-‘
students were recruited from summer classes at Téxas
Christian University to serve as subjects (Ss) in this"
‘experiment. The experimental sessions lasted approximately
2 hours with the Ss being paid at a rate of $2.00/hr.

- The Ss were randomly assigned to one of four treatment

"groups {6 Ss per group) as they arrived for the experiment;

'Depending on their group assignment, Ss receiVed :
either a verbal (original Air. Force version) or pictorial

version of the Oscilloscope Operation package in the
~ original Air Force sequence, The 0SGilloscope Operation ~

package was chosen for this first study because it varied IR

between the other two packages in difficulty and because
it was most amenable to pictorial presentation. The Ss'
progress through the stimulus booklets was paced by the
experimenter at a rate of 35 seconds per page or 45
seconds per page. These two rates were chosen on the
basis of informal a priori experimentation with psychology
~graduate students at Texas Christian University. .

‘Following the completion of the instructlonal .
sessions, Ss were.required to respond, at their own rate,
to each of the dependent measures discussed earlier.

The order of presentation of these measures was as
follows: Similarity Judgments, Multiple Choice Tests,
and Cloze Tests. Test order was chosen in consideration
of the fact that the test instruments themselves contained
content information which could have the effect of giving
the student additional review. Hence, the tests were
ordered so as to provide the least amount of content
information. Within the Multiple Choice category, half
of the Ss received the pictorial Multiple Choice test
first while the other half received the Verbal Multiple
Choice test first. The same manipulation was made within
the Cloze test catagory.

n
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© were mnot statistically significant,

5o Regsults. Two way, fixed effects analyses of S
_variance (presentation time by mode) were performed on .
_each.of the four dependent measures. . For the Standard
' Clozé test, -the main effect of presentation rate was.
 significant (F = 4,43, 4f = 1, 20, p <.05), while the
.’ main effect of presentation mode and the interaction -~
_ : i For the Concept . .
‘.~Cloze test, the main effect of presentation rate was '
 also significant (F = 8.61, df = 1, 20, p < .01), while
" "again, both the main effect of mode and the interaction
-~ were not. Inspection of the statistical means indicated
. that the 45 second/page rate of preésentation led to
.+ better performance than,the'Sﬂ'sedond/page‘pres
~ . rate. : ‘ \ ' T

: The . similarity judgments produced by each subject
S Were correIated,with_the‘avefagejsimilarity.judgments |
produced by the "experts" on the Oscilloscope concepts.

. The c¢rude average correlation between. subjects and =

" “experts" in each cell of the

b 8" e ‘he design: are presented in .
. 'Talbe 1 (the higher the correlation coefficient, pre- ' -

entation o

‘sumably the greater the amcunt ofginformatLOn'acquirgd} §f7f {"

.during training). As with the cloze measures, the -~ .
results presented in Table 1 indicate a substantial . -

difference due to rate of»p:esentation,and an unconsequep—fi‘
‘tial difference due to mode. of presentation. - This was -~ . .- '
considered to be sufficient evidence for the sensitivity’' . . .. -

ent measure to justify its

+ of the -similarity jud ne. ) T
" inclusion in the remaining pilot studies and the main, - ==
-~ Phase II experinent. N C e L

| ’Table I »
>'Crude Average Correlations'between,Expetts and Subjégtszyf;f*

in Pilot Study I (Similarity Judgments) -

- ERESENTATION RA'I‘E = e

. 35'secs . 45 secs
- per-‘page ' per page '

" PRESENTATION Pictorial 4 .. 4k .29
- Average .20 - .43 ’




Analysis of the two multiple ‘choice tests indicated that
none of the main effedts or interactions reached signifi—
cance at the 0.05 lovel.

DiscussiOn.' The mean performance ‘on all four ,
measures with a 45 second/page’ presentation rate ranged L
approximately from 50 to 70 percent correct . (and approxi- Ll
mately 30 to 70 percent for the 35 second/page rate).vw--~~‘f‘*
The level of performance associated with ‘the 4% second/ :
page rate was considered to adequately avoid "¢eiling"
and "floor" effects. In addition, sincé there were no - - .
significant interactions between mode and presentation .
rate, the same rate should &ffectively serve for both - = -
modes, thus the 45 second/page rate- was chosen for the,j*“
»‘remaining studies. _ o : i

_ The lack of significance of the main effects of "
presentation mode (verbal versus pictorial) may be- due 3
to a number of factors. The small sample size and. thej

lack of control for individual ‘differences in mode  : -

. preference are probably the two most important. " Both

'lof ghese shortcomings wi11 be eliminated in the. major

o The srgnificant effect of presentatiOn rate ‘revealed
by the Standard Cloze.and Concept Cloze ‘tests indicated:
that at least these tests are suffiociently powerful to ™
detect differences in performance in this type of task. -
This power should provide a basis for a. valid asSessment ;
of the variables in ‘the major experiment. ‘ 5

‘The lack of Significant results with the multiple
choice tests may again be due to a small sample size.
These tests will be examined further in the remaining
pilot work. , _ . .

A persistent complaint among the Ss in this experi—f‘
ment was the inordinate amount of time devoted to the
testing of their learning. They felt learned material
was being forgotten over the testing, and that fatigue
was influencing their scores. To partially alleviate
this problem, it was decided to drop one of the tests
for the remaining work. To provide a basis for elimina-
tion, correlations between the two Cloze tests (r = .76) -/
- and the two multiple choice tests (r = .53) were calculated.
The higher correlation for the Cloze tests and their
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' proven power indicated that one of ther should be dropped., R
‘Because the Standard Cloze appeared to be less powerful L
* (as indicated by a substantially smaller F-ratio. for o S
o presentation rate) and more time consuming, it was: S
“\dropped from the remainder of the pilot studies.

- . ' pilot Stud ¥ This study was designed to assess' -0
the relative f culty of the verbal versions of. the R

- three selected .stimulus packages (Oscilloscope. Opexation,
" Characterigtics of Matter, and Semiconductor Theory).
utilizing four dependent measures (the Standard Cloze

. test was dropped on the basis of the reSults of Pilot

StUdY NO. 1),

‘ " The main purpose of this study was to provide a
basis for selecting two stimulus packages of unequal
.difficulty for use in the major experiment where inter-
actions of instructional difficulty with stimulus
sequence and mode of presentation will be examined.
“Because there were no significant differences between

. modes of presentation in the first study, it was =~ . - ¥
deemed unnecessary to include both modes in this ‘ ‘

experiment.

" Method. Fifteen males between the ages of 17 and
20 were obtained from Texas Employment Commigsion to
serve as subjects in this experiment. The experimental '
sessions lasted approximately 2 hours with the $s being "
-paid at a rate of $2.00 per hour. The Ss were randomly
agsigned to one of three treatment groups (SSs per group) i
as they arrived for the experiment. . . ;; ‘._’ﬁ

Dependinq on their group: assignment, Ss . reCeived a e
Verbal version of either/ the Oscilloscope Operation .
- package, the Characteristics EEFMatter,package, or the . . C
" Semiconductor package in their original Air Force sequences. P
. Since the comprehension of the Semiconductor material == = B
© ' was ‘contingent on the knowledge of some of the concepts . . . A
~ of the Characteristics of Matter package; Ss in the SRR S
,-_Semiconductor group were given a short pre—training
- segsion prior to actual training. The Ss' progress R
.. through the stimulus hLooklets during traininq was paced = C e
by the experimenter at a rate of 45 seconds per page. o S
. This presentation rate was derived from the results
of Pilot Study No. 1.




Following the completion of the instructional
sessions, Ss were required to respond, at their own rate
to each of the dependent measures except the omitted =~ -
Standard Cloze test. . The order of presentdtion of these:
measures was similar to that used in Pilot Study 1:
Similarity Judgments, Multiple Choice tests, and the -
Concept Cloze test. Again, within the Multiple Choice .
category, half of ‘the Ss received the Pictorial Multiple
Choice test first, while the other half received tre
Verbal Multiple Choice test first. :

~Results. One way, fixed-effects analyses of variance'
over stimulus packages were performed on three dependent
measures. With the Concept Cloze test the effect of
stimulus packages was significant (F = 6.6, df = 2, 12,
p < .05). With the Pictorial Multiple Choice test the.

effect of stimulus packages was also significant (F = 6.3,

df = 2, 12, p < .05). However, the effect of stimulus
package with the Verbal Multiple Choice test was not
significant at the 0.05 level. o

Post-hoc comparisons (Tukey's HSD test) of the means.
associated with the two significant results were conducted.
With the Pictorial Multiple Choice test, the Semiconductor .
package -and the Oscilloscope Operation packages led to
significantly poorer performance (p < .05) than was o
obtained on the Characteristics of Matter material. There
was, however, no significant difference in performance
between the Oscilloscope Operation package and the Semi-
conductor package. With the Concept Cloze test, the
Semiconductor package led to significantly (p < .05)
poorer performance than did the Characteristics of Matter
package, while all other comparisons were nonslgnificant.
It was not felt that a formal analysis of the similarity -
judgments was called for at this time. Such an analysis:
is extremely time consuming, and, in light of the results
of Pilot Study I, it was felt that sufficient evidence
for their utility had been accumulated. This measure
was included in the present study primarily to further
assess the effectiveness of its associated instructions
and the consistency of the subjects' responses. Both
instruction effectiveness and consistency appeared to be
adequate for our purposes. '




Qiscussion. The ‘regults of this study have ‘led us
to drop the Semiconductor Package from the major experi-
- ment. This decision was based on the necessity for -
pre-training with this package, and on.the. adequate'
results provided by the Ogcilloscope Operation and’

- Characteristics of Matter packages. At least with the -
 Pictorial Multiple Cholce test, these latter twc packages

led to significantly different levels of performunce
(based on percentage correct), with the Oscilloscope
material resulting in poorer performance than the '

- Characteristics of Matter package. These two packages -
should provide sufficient variation,in learning difficulty
for the purposes of the major experiment.

Pilot Study 3. Thxs study was designed to assess
the effects of %our information sequences (the original

Air Forcé order was not included) on performance with the
verbal version of the Character1st1cs of Matter stimulus -
package.

The purpose of this study was to provide a basis for
the selection of two algorlthmically droduced stimulus
sequences for inclusion in the major experxment along
with the original Air Force sequence..

" Method. Twenty individuals (17 males and 3 females)
were obtained from the Texas Employment Commission (15 Ss)
and from a local church group (5 Ss) to serve as Ss in
this experiment. The experimental sessions lasted
approximately 2 hours with the Ss being paid at a rate
of $2.00 per hour. The Ss were randomly assigned to one
-0of four treatment groups (5 Ss per group) as they arrived
for the experxment. ‘

¢

Depending on their group assxgnment, 88 received
the verbal version of the Characteristics of Matter
package in one of four sequences. The Characteristics of
Matter was chosen for this pilot work, because 1t was
beIieved that the richer interrelationships between
~concepts in this package would cause performance to be
mire sensitive to sequence effects than would be the case
with the relatively independent corlcepts contained in
the Oscilloscope package. The Ss progress throughout
the stimulus booklets was paced by the experimenter at a
rate of 45 seconds per .page.

1
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. together in the stimulus. seguence ‘that were proximal i
the "expert space”. The di

‘the Alir Force, conductor; while the third begdan
 basic building block o?'the materialy electron.
" fourth .order was oreated algorithmically"

- with the concept:of matter. and: sequencin

;package wefe created by
- algorithms (Annex B) to
~ spaces"” (derived by the INSCAL’ program fror

dependent measures. There were no significant diffe: ances’

plying X, Evans' ordering:a
tﬁe two dimensione1,ﬁexpegt

similarity judgments) Bee Figures 3 and 4 2 Of
the orders, the algorithns. employed placed=,ey concept

ference between  these thrae
orders were their starting points, ‘- One order. bagan, as.
did the Air Force order, with, the concept of maktter
Another order began withsthe concept Xreated Tast by

H

' Following the instructional seepions, Ss'w»
to respond to the four: dependent measures in the
manner as in Pilot Study 2'f o A

were most distant (non proximal) in the

" Results. One way, £ixed effects analyses of a
over stimulus sequences were- performed on.each -of ‘thre

due to sequence found with any of. the three measure;,

Inspection of the means showed that although no ‘4
significant, the proximal sequence beginning with .thHe =~
concept of electron and the non-proximal sequence led to
.consistently higher levels of“-erfo rmance than the oéher
“two proximal sequences. . Ly

Again, an informal analysis of the similarity judg~ o
ment measure revealed that the subjects were interpreting
the instructions correctly and were producing consistent"
responses,

" Discussion. On the basis of these results, the
Rroximal sequence- beginning with the concept of electron
and the non-proximal sequence were.selected for IncTusion
in the major experiment. Analogous sequences have been -
created for the Oscilloscope package (see Annex B).




O /

- The non~significant differences between sequences ,
may be due to the small sample size and the lack of control
r“;for individual differences; both of which will be remedied
- in . the major experiment. - In addition, the types of .
~ measures analyzed may not have adequately assessed the .

_components of comprehension that would be most affected

" 'by sequence; ¢.d., abstraction of ‘interrelationships. =
- Inclusion of similarity judgments in the major experiment
. may . help to alleviate this problem. -

Conclusions from the Pilot Experimentation. The
results of the three pilot studies have provided an adequate -
basis for making critical decisions about specific parameter
values to be included in the major experiment. Stimulus '
presentation rate, stimulus ‘packages varying in difficulty,
and objectivively defined sequences have been chosen for the
- major experiment.  The results of the pilot studies have
demonstrated that the dependent measures chosen are probably
sufficiently powerful to detect. relatively small differences

in performance. . | Y

Observations. of the subjects during the pilot studies

- and discussions with them following their participation

have led to modifications of the task. instructions,:
.enhanced;readability of the pictorial stimuli, reduction

of the1!‘mber of dependent measures, and improved formatting
of stimdlus material and the response booklets. Hence, the.
pilot studies permitted efficient probes to determine: parameter
values and procedural refinement prior to conduct of major
experimentation. Without this pilot work the Phase II study

'~ .would undoubtedly suffer from inappropriately. chosen parameters. .

and a general lack of precision leading to inflated error
. variance.

SUMMARY
43

: - An extensive review and synthesis of the literature
- (pgimarily since 1965) related to the impagt of certain

vaaiables upon the design and devulopment Of effective
' tructional .equences has been presented. Critical
evaluation and recommendations for future research have
bee? made in the following major empirical areas:

L
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flaws in the experimentation. ' A potentisi example of ‘this -

"+ _problem which should be:of interest to the Air. .Force ‘arose

-+ from an’ analysis of the efferts of: branching.a A“number of
.. studies have’ reported that brauching sequences result” ‘

" "% instructional init .than fixed. sequences; Although branchi
.. is the variable being intentionally’ manipulated, generally it
‘leads to fewer.items being presented in comparison.:ts .the

) ’ ‘l" . ) rr N R

col Impact ‘of sequence manipulations on performance ~$.J

“Student versus instructor determined sequences ;rhaf;gj

’ PrinoipIes of stimulus sequencing . (e.g.,- inductive,;*w:

~ ' versus deductive ‘sequencirg,. sequencing .

- . of hierarchical materxial), concept clustering)”
“Interaction of individual difference variabl

~ with seéquencing -

. ‘Sequencing of supplementary instructional material

\,Describinq the information strudture.

-+ In general, preVious inVestigathgns into theyimpact of
~instructional sequenoing have been inconsistent: -A: ‘portion
of this inconsistency is undoubtedly due. to methodological

‘terminal performance and/or less time to °°mPlete the |
g-

- ‘corresponding . fixed gequence:  -Improvement .due to branching,
- therefore, may be dué to a reduced number of instructional”
~items rather than branching er ge. It is. 1ogica11y possible
that a fixed sequence with the I§ht items dropped would '
preduce the same results. 1In order ‘to: effectively’ test

the effects of branching appropriate control grOups wOuld
‘have to be developed.. . , T

In addition to methodological difficulties, three f
other critical factors influencing the conflicting outcomes - -
of previous experiments on sequencing have been identified: o '
: (1) lack of systematic procedures for deséribing @
information structures and for developing inetructional
sequences,

(2) lack of sensitive. dependent measures for the
assessment of sequence effects, o

(3) minimal attention to individual differences in
,-information processing styles and capacity.

In order to partially remedy these difficulties, an g
experimental program has been outlined which addresses . '
- jtself to each of the three critical factors. A
multidimensional scaling approach (INSCAL) to the descr1ptlon
of information structures and the generation of instructional




" Bequences has been developéd. -TWO new dependent measures,. - .
. the Concept‘cloze‘testf‘and‘theﬂsimi1axity;qrire1atedness“f-gi*.;; v
¥ Judgment technique, have been oreated for agsessment of. .. .o
. sequence effeots. ’

Plans have been.made to incorporate .
asures of intellectual ability into'a main ekperiment.
the impact of sequenoing. Finally, the interaction °

. of\ sequencing and two instructionally important variables

imdde of presentation and difficulty of content) will: - PR
assessed in a majo:1study;" ' o S s

A series of three pilot experiments designed to test . .

out procedures and measures, and to set certain-paraimeters, - .
 have been presented. These experiments have laid the .

groundwork for a major study incorporating the factors .. T . oo
‘discussed previously. -The results of Pilot Study I have T
allowed us to select an appropriate presentation rate - = L
- for the major study and have provided evidence as to .the .
sensitivity of the dependent measures. 0f particular .

interest is the averlge correlations betwcen the similarity -
or relatedness judgments made by the subjects and those
made by a group of experts. These correlations ranged.
from .42 to. .44 at thé 45 second presentation .rate and.
varied in accord- with the other dependent measures over. .
" experimental conditions. . . ¥ L ,

il

- Pilot Study II indicated that the threefselected;air"
Force instructional packages differed gignificantly in
difficulty as defined by performance on three dependent

" .measures. This results has permitted us to select packages
of differential difficulty for the major study. = L

. Though Pilot Study III revealed no statistically -
significant differences due to four instructional sequences, : -
the differences hetween means were sufficient to allow =~ '~ .

selection of two of the four for inclusion in the e

‘major study along witi the original Air Force sequences.

R
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ANNEX A

A Sample of Basic Stimulus Materials: Pictorial and Verbal Versions
(Characteristics of Matter)

CHARACTERISTICS OF MATTER

VISUAL STIMULI
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CHARACTERISTICS OF MATTER
VERBAL STIMULI .



Matter is most often defined as "anything that has mhss, and
occupies space". It is relatively easy to form a mental image of
some object as it occupies space. '

A-8
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- in the structure of materials. He accepted a golid to'be just that=
- a continuous unintérrupted_Substancg;4”some;of-the»Gxgeka-thoughgﬂifj
that if a person bagan to subdivide a piece of material such as. ., .-
coppex, he could do so indefinitely. It‘was-ambng_thesefpéople;that)
the' idea of continuous matter was fostered, Others reagoned that
there must be a limit to the nunber of hubdivisions,that‘binqpnld,‘
‘make and still retain the original,characgeriatics'of_the;maﬁeriali
being subdivided. They held fast to the idea that. there must ba-a-
basic particle upon which all substances are -built. Both of thesae,
arguments were equally valid at that.time, for thexe was still no O
‘means available to determine which faction was correct. Mankind diq.
not question this until thé nineteenth century, .. ol Lo

With exception 6f>£he“Gréeks,'ahbieﬁt'méhlhad littiijiﬁféxéqﬁvf

i, I

It wag not until 1805 that John Dqlton'p}bpoﬁed:hiBTfhéoﬁleéfé

 ‘¢6ncern1ng the nature and behavior of matter, He proposed that all
- matter is composed of‘invisible,’so;id,vindestruqt ble’pagtique;,e,

~ Composition of Matter T T TR
As previously stated, the efforts”of‘thé'Greekqftojaubdiv4dega P
. simple material were unsuccessful because of their limited tachrology.
- It was near the middle of the seventeenth centurguthat Robert-Boyle - -
phrases the first'definition of an "elemental substance.” He stated . .
‘than an ELEMENT 'is a substance that cannot be decomposed into similar
substances. - There are, at the time.of ghis‘writing._onejhund;ed‘two‘_
known elements with the possibility of discovery of many more. They -
- range from abundant elements such as silicon, carbon and oxygen to
rare elements such as lanthanum, samarium and tuletium which are
extremely hard to process. During World War IT many elements wera .
synthesized (man-made).. The names of. the man-made elgments are
interesting because in many cases they indicate their origin by their
names. Elements such as americium, californium and berklium are '
examples of elements of this type. » : ‘

L]
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Although many substances are composed of a single elemént,l&}fé¥

greater number of subgtances are componed of a cobination of different

"alements. When two or more ~lements are chemically combined, they form - .
COMPOUNDS, ., A comon exampie of a compound would be a.substance stch -
as watexr, which is composed of the element hydrogen and_the_elemqnt“‘ )

- oxygen. | ' . S , ‘

... As elements such -as hydrogen and oxygen are,chemicallx_gdmbinéd
to form a compound, they lose their individual identity. A n« _
‘realization of this fact can be noted when visualizing white orystaline .-
sugar. This compotind consists of the black, &olid element carbon, and
 two.colorless gageous alements, oxygen and hydro en,  Thousands of . '
‘compounds &re known, each of which_possepges definite chemical and - = -
physical properties that enuble it to be istgnguishable:grqmjotherv.
compounds. The almost 1initless combinations’of elements to form . .
_compounds has led to the discovery of the many subgtances which have
becone a part of our daily lives. A few common examples of compounds
‘are: salt, wood, and limestone. o B R

Al

most vivid - .




' The discovery of the many substances that have become a part of
our lives would not have been possible without-a great deal of study
of the elements. Since the elements are the fundamental substance
of all mattex, the development of any new product must be based on a
knowledge of these substances. The elements cannot be decomposed into
a simpler substante; therefore, the dissimilarity between them can =
only be explained by assuming each element to consist of basic particles.
This basic particle is called an ATOM. While the atoms of a given
element are similar, the atoms of different elements will have different:
characteristics. ‘ : o

An atom is defined as the smallest particle of an element that
retaing all of the properties of the element. The following is Dalton's
conception of the atom: K

A. All materials are composed of minute indestrxuctibel particles
called atoms. :

b, The atom is the smallest component part of an elément that’
enters into a chemical xeaction. .

¢, All atoms of a given element are exactly the same in weight,
shape, and size. .

4




&

THe atom isfthe smallest part of an element that ehters into -

. a chemical change, put it does so in the form of a charged particlé.

' These charged particles are called IONS, and they are of two types~--
'POSITIVE and NEGATIVE. A positive ion may be defined as an atom that
“has come positively charged. A negative ion may be defined as an
atofn that has bécomewnegat_vely‘charged‘v.One of the .properties of -

charged ions is that ions of the same charge tend to repel one another, o

_whereas .ions of unlike charge will attract one another. The texrm. . =
 charge has been used loosgli.‘ At present, charge will be taken to . -
hi"»gpgn‘a 2?ant£ty of electriocity which ocan be ohe of two kinds, positive .
© or negative. ; o ; R .




ANNEX B

Constructed Stimulus Sequences:
.Ordering Algorithms and Resulting Sequences
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. Ordering Algorithms and Selection of Sequences

" Development.

The multidimensional scaling procedure (Inscal)
creates a space in which the concepts are represented-
as points. The space is ordinarily two dimensional or
three dimensional, though spaces of higher dimensionality
are possible: Such a space does not directly yield a
specified ordering for the concepts: Ordering is a one
.dimensional representation. Thus it is necessary to have
some procadure to take the multidimensional representa-
tion produced by the scaling procedure and reduce it to
a one dimensional ordering.

Such a procedure could be judgmental, based on an
examination of the array of points plotted in space. A
judgmental procedure, however, would be relatively diffi-
cult to apply to three dimensional solutions and probably
quite impossible for solutions of higher dimensionality.
Moreover, it is desirable to have an explicit process so
that the ordering can be replicated and o tuat alterna-
tive ordering principles can be assessed for effective-
ness., .

' The problem calls for special data analytic techniques. -
It is somewhat like a clustering problem, but one might '
expect in the context of instructional materials to have
a starting point for the ordering specified on some a priori -
basis. Possibly, an ending point would also be specified.
The ordering processes must take such requirements into
account. Accorxdingly, Dy. Evans has written about a dozen
programs and subroutines in APL derigned .to accomplish
ordering and to output the resulting data in a form which
facilitates interpreting it and assessing the overall
success of the ordering. In the present summary, these
will be described along with examples of their output.

Figure 1 shows an example of the ordering results.
The heading indicates that the topic was Structure of
Matter, that it was a two dimensional solution (2D) and
that it was accomplished on July 9, 1972, The second
line of the heading indicates that the method used was
an algorithm ‘labled Pathfinder with.its major parameter
memory set to 1. Pathfinder accepts a starting conceit
which was, in this case, matter. It computes asmatri ,
of distances between all palrs of. concepts and procedes‘[
to construct an order by the principle of nearest neigh-
bor. That is, starting with . matter, it found the concept
nearest to matter, and.placed it second in the order.
Inlthat way ., eiement was selected second. Pathfinder

[}Kf: looked for the . concept nearest element and pPlaced
e B2
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| ORDERED CONCEPTS, ; PATHFINDER, MEM{_i'f‘

MATTER "1 (1)
- ELEMBNT & (2) S
L MOLECULE "1 (6) S
‘ " COMPOUND & (a) 7 S

_ATOM 10 (%)

SRELLS 7.(41) . '; i i
" BLECTRON 3 (7). St

_TONIC AND COVALENT BOND 2 (12). ;";f

BOVUND. ELEGTROR RS (17)
. Ton. 2. ( ). .
BANDS . 3 (16}
.EXCITED. srars g (10)
FPRER BLECTRON 4 (15) '
. CONDUCTORS 3 (1u)
VALENCE 7 (13).

ORBIT 10 (9)
RUCLEYS 10 (8),

FIGURE 1
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‘' that third. The procedure continued throughout the

" gat.0f concepts, always measuring from the most recently

©: ohiossn concept and, of course, considering only those -
;ijhidhAhad not yat been chosen. : R o

" The above desdription'épglleé to ﬁhe‘functidn;OEV E

¥
. gathﬁiﬁder’with memory equal Memory can be set to a

arger integer value, say 2, 3, or 4.. For memory equal

-2, pathfinder would base its choices on distance to the -

7 two moBt recentl chosen concepts. It would choose a.

- new concept which bas the minimum average distance to -

- the two most recently chosen. concepts. For higher value

. of nemory, pathfindex would apply the same principle, =~
" using the indicated number of recently chosen concepts.

In other words, this parameter acts somewhat like a .
~ memory in that pathfinder utilizes the specified numher
. of the most recently chosen concepts to guide its selec-
tion of a hew concept. . -

. The‘diéplay itself (Figure:iirequires‘some,expléné-

.~ tion. It is accomplished by a separate progxam &nd is

intended to provide both quantitative and graphic infor- ‘
mation about the distances encountered by pathfinder'in

~,forming the order. "Each concept is followed by.two

numbere. The. number in parenthesis is mexely the desig- -

" nation of the concept as it was originally entered. into

the data file. The other number, not in parenthesis, . S

- indicates the reacaled distance encountdred by pathfind

. at each step. Thus the number 5 Zollowing element indi-
~ cates that the digtance between matter and element was:

©  moderate. 'The numbeér 1 following molécule Indicates tha

;" molacule was found to be very close to @ ement. The
,‘ﬁ,aqtuaf'aistancea‘lie between 0 and l; for purposes of .
7., display, they were subjected to a linear transformation

er

€

-~ guch that the smallest distances would be 1 and the‘l?rqest~fly

would be 10.

The-distahces are élso expreésed §r§phica11y iu {.‘f;'

this display. The amount of indentation is proportional
to the distance between a concept and the one above it..
This arrangement is analogous to the convention used in.

" constructing ordinary outlines; a*gubhhad#ng 13 1ndengéd .

© . and nested under a major -heading.

3

" Examination of the ordering in Figure 1, shows that

. matter appears as a major ‘heading (The choice of indenta

“tion for matter and the distance. indicated after it are. L

" poth arbitrary, since it has no previous concept to supp

a distance. The first concept is automatically treated

N

B4

ly

sz a major heading and not indented).;‘lt can be seen that




3gs-F1gure 1, but in ; o{ form.. a J . age
. 1dentifies the topic, dimeénsionality, date, method, and

~ has zeros in-its diagonal, only the lower triangular. .

‘are represanted by one and the largest by ten.. The num-.
‘way that the largest and most dqnqg~gyﬂpq;sgrepgggént;“

~ the two clugters can be detected.

elemenfp molecdule, and comrouhd are displayed as sub-
topics under matter, and these evidently constitute a
subtluster relatively separate from the next cluster, -

~which begins with atom. - This.larger supoluster appears

to inolude most of the remaining concepts. Orbit and -~ .
nucleus are finally added as additional major headings.

elxr inoclusion at. this point suggest that they did not -
£it into either of the major clusters, and are simply

- being tacked on because the program is required tb-invwf}] fg,ﬁ
;clude,all‘points_before ic £1nisheg.., S S iy

Figure 2 dis 1ays5thé;resﬁifé of‘thé>séﬁ§f§ia§¥iﬁ§f 
fn~a different form. The heading again-

key parameters.. -To produce thé display in Figure 2, the:
matrix of distances between,allvpairsAofﬁpo;n;s,isffipst,
rearranged so that the rows and columns correspond to ..
the concept order shown in Figure l. In other words, .
row 1 and column 1 contain.the distances between matter .
and other concepts. Row 2 and column 2 ‘contain the dis-
tances between elemént ‘and the other concepts; and go-:.
forth. . Since the distance matrix is symmetrical, and

portion of the matrix is treated further. The éléements . -
in that portion are linearly .rescaled so that the smalle

bers are then converted to symbols for output in such a

the smallest numbers. ' T , AT AREE S o
‘This is a convenient method for displaying the over-

- all effectiveness of a clustering procedure: If the : . ..

ordering is generally good; one might expect that whole - 7
collections of points shouid»be relativeiyfclose't¢¥aa¢h;T_»”ﬁ
other as is suggested, in fact, by the display in Figqure ==
l. Since short distances are represented by relatively -~
dark areas, a cluster would appear in thig matrix as.a . . .
dark triangle. Examination shows two such triangles, one

small one at the tip corresponding to the cluster pre~ =
viously identified with matter and a larger cluster in- - .
the middle corresponding to the set of concepts under the =
term atom. An examination of row 7 also indicates that .

the concept of nucleus is relatively distant from, the

‘other concepts and that no ordering based on nearest neigh- -

bor wou1d4inc1ude it.

Figure 3 displays the distances traversgd by‘p#th*» o

' finder in still another fashion. The concept rumbers £

are plotted on the abscissa, and the distances oR the or-
dinate. Clusters are-represented by low values and - .
transition between clusters by high values. Here again, &

- B=5
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Figure 4 displays the results obtained with path-
finder using a memory of two. In this case, there appears
to have been a slight improvement in the ordering in
that lence is introduced immediately after atom, rather
than a?ter condugtors, as in the case of ‘Figure I. Logi-
cally, valence seems mor~ approprilate in its Figure 4
location, The distances used in displaying the results

of pathfinder are the distances pathfinder actually used
"~ in making the selection, so that this case, they are the
average distances between the given point and the two
irmediately preceirling points. Thus the distances in
Figure 1 do not ayree with those in Figure 4.

_ Figure 5 displays the rearranged distance matrix
to show the clustering. The distances in thig matrix
are not averaged, but represent the same kind of distances
as are shown in Figure 2. '

Figure 6 shows graphic display of the distances
traversed by pathfinder.

Figure 7 represents an alternative clustering pro-
cedure, designated Umbrella, because it may be thought
of conceptually as closing an Umbrella. A starting point
is chosen and all of the.other points are oxdered accord-
ing to their distance frgm this starting point. Concep-
tually, the result is as'if the starting point were the
tip of an umbrella, and all of the othermgointa were lo-
cated somewhere on the ribs. When the u
all of the other points are mapped into a single ordering
along the umbrella shaft.

, In some sense, Umbrella is the antithesis of path-
finder. Pathfinder examines nearby points and ignores
the overall picture. Umbrella is based entirely on the

overall picture as viewed from the starting point.

The distances represented in the display of Umbrella
results (that is the indentations and the first number
after each concept) are the actual distances between the
point and the immediately preceeding point.

’ Figure 8 represents an extension of the Umbrella
technique, here designated Umbrella Back. The algorithm
is exactly the same ‘in this case, but the ordering is
done from the viewpoint of the last concept. Thus in
this case, the algorithm was instructed to form an order-
ing based on the distances of the concepts from the
concept of conductors. Umbrella Back is ah intermediate
stage and not intended as an ordering process in itself.

B-8
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. Figure 9 shows the results of combining Umbrella. . .
Back with the original Umbrella ordering. oObaeryations ... . ..
°f*théﬁpﬁff°”m‘“9‘~Qf”umb“éll‘?““ﬂeUmbxellh,aapkgsgggeqqqauj:~;
that the ordering of each might be fairly good in.the'. .. ...
vioinity of theinltial corceptAnd that the gxdeg;ng{;;?g;; s
probably deteriorated as the conoepts became more distant
t:qmgthatﬁfocélagoint-;«Tpe-aigox#thmxxnzsignrags;fo:ms_~<
_a_combined ordering of the'two, taking advantage of: the.
part which is most effective in each ordering. :The new
_ordering is the result of a welghted linear combination o
. of the. previous two orderings; Figureée 7 and 8, such:that
 the first third of the order is formed by welghting the
© " yesults of Umbrella very heavily) the last . third ig forme
pﬁ*by‘wcightinq»thegxeaults_of:umpqu;a1gggkkyg;y,hegv41y;; e
" (Pigure B) “and the mid-gection is formed by an equal.. -
"~ "weighting’'of the two algorithms. . '~ .. T

w7"* 7IThis'pr°°§d“ren~akésﬁit“PbssibléftbfﬁpecifY4both@gn;
 entpy point and an exit point and be assured that the or~
- dering will gatisfy this requirement. "Here again, the =
. indentation and numbers immediatély after the concepts - .
- ~'depict‘d15t4“°°95betweﬁnfPbﬂpt,ﬁnd.pxedggessgf..\~» T
- Figure 10 displays the distance matrxix for congider-
ation of the olustering. . . . i Dol

e v~.Eiguxe‘111presents¥ancthér:rééult‘of*aaéhfihﬁégﬁf

Wh1Chv givé’n the heading. should beself exPlanhtOry.
.. 1n general, the ordesings produced with the strud=

. ture of matter unit seemed to be fairly similar to each
other except for the two rather distant concepts orbit
- and nucleus. " This result suggests that the orderIng -
.may be strongly detexmined by the structure of the space
i{tself rather than by the particular algorithm used. "~ ' ..
- The suggestion is of course encoyraging with respeoct ' = -
. to the view that the structure-ol the space can be used. ' -~
.to determine an effective orxder. ‘As to whether the or-" - .-
. -dexs ;suggested. by the algorithms .are reasonable, the ' ' "
" yeader may judge for himgelf. .. =~ .. o et oo

. Pigure 12 presents Pathfinder results for the oscillo= '
‘séope data. Figure 13 displays the distance matrix, .In = .-
‘contrast to thé results obtained with the structure of . - -
‘matter, the oscilloscope presents very little in the way. . .
. of clustering. Apparently the structure of the space in.- -
 this case is substantially different. SRR
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N
.

Figures 14 and 15 display the results of Umbrella
on the osclilloscope data. Here again, no wubstantial
olustering is seen, although a small oluster at the top
of the triangle suggests at least one group of concepts.
These would be power and scale illumination control,
intensity control, focus control, and presentation con-
- trols. As a matter of fact, these are the controls. grouped
together under the heading presentation controls (the
power and scale illumination control was used as the
starting point because it is used to turn the oscilloscope
on, and there was some indication that the: structure of
the space related to the order in which the controls were
used in normal operation.) P
Figure 16 and 17 display the~results with the semi-
conductor theory data. The figures in general should be
self-explanatory. [1wo clusters are suggested, both in
the matrix and in the ordered concepts display. The -
matrix suggests a fairly good clustering has been achieved.

Figure 18 and 19 show the semi-conductor analyzied

by the Umbrella method, and Figure 20 shows the analysis
- using the Umbrella Back and Front combination. Figures
21 through 26 show self-explanatory analyses of the semi-
conductor theory .three dimensional solution. Here again,
the reader may judge for himself about the adequacy of
the orderings.
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g 4 . | : ’
. Final Production of Orders. o .

The results described in. the previous section were
-~ obtained with preliminary Inscal spaces and were intended
" to provide a basis for selecting a final ordering pro=-
- cedure for sequences to be used in Pilot Study 3 and in
. the main study. 1Inspection of the orders showed consider-:
- able agreement among the alternative methods, with
Pathfinder having a sliyht superiority in the opinion
of our experts. The Umbrella Back and Front method,
while also cevable of producing good orders, required
more parameterst an end point, as well as a start, and
a set of arbitrary weights governing. the combining of
the two orders produced by Umbrella. In view of these
considerations, we decided to use Pathfinder exclusively
for producing the final orders. A value of MEM = 3
was selected as a standard setting for this parameter.

Pathfinder was modified to allow the use of an \
alternative ordering principle, the non-proximal rule.
Under the non-proximal rule, Pathfinder chnoses at each
step the most distant concept instead of the nearest one.
Otherwise the operation of Pathfinder is unchanged. The

- non-proximal rttle is, in a sense, the antithesis of the
original Pathfinder process and was included to provide
sequences which would contrast sharply with the results
of the standard.Pathfinder.

o In connection with Pilot Study 3 and with prepara-
tions for the main study, new Inscal. analyses wexe .
prepared for the 0Oscllloscope package and for the Charac—

" teristics of Matter package. (These analyses are described
elgewhere In this report.) To provide order for Pilot ‘
Study. 3, - the two dimensional solution for the Character-
istics of Matter package was used with Pathfinder to obtain
four orderings. These provided systematic manipulation
of the sequence of presentation variable. The orders
are given in Figures 27 - 29, along with the corresponding
distance’ matrix: e

l. Figure 27. Pathfinder set to normal operation,
starting with the concept matter (the starting concept in |
the Air Force materials.)

2., Figure ' e Pathfinder set to the non-proximal
rule, starting w th. matter. ‘

3. Figure 29. Pathfinder set to normal. operation,
starting with the concept conductors (the 1ogical _
conclusion of the 1nstructibnal unit)
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FZngproduced‘as followst

' electron in terms of its place and logical relation- in: R

.0 47 Flgure 30 i Pathfindexr set to normal operation, R
- gtarting with the concept electron (the kay concept- ... 7

- 1inking matter with conduotori. - A S

" In addition to thése orders,. of which-two will be
retained for the main study, two analogous orders. (Figurxes
* 31, 32) were produced for the main-atudy from the new . -
" gpace obtained for the Oscilloscope package. - These were

1. Figure 31: Pathfindér.setntd}nbrﬁai‘opegatiOn, R
- gtarting . with the concept trace. ' Trace was chosen as

the gtarting point*because‘It‘seemed'mqatucomparabl¢ to

" the Instructional unit; the sequence starting with elestron .
was. chosen'.as - one of the sequences for the‘CharaCterTstIcs-.* e
.'of Matter unit. - R I

2, Figure 32: Pathfinder operating under the .. .. . =
non-proxihalnrule,~3tarting~with the concept presentation
controls. ' Presentation controls was the starting concept
in the original Alr Force Orderind. : P T

. . .The computer printoutawianigurea*szﬁzfahauidvbe4u»uglu,awu,@ggg
 self-explanitory and no comment on them seems to be ‘ o
" necessary. Documentation on Pathfinder and associated
programs will be provided in the final report. - - -

\
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CHARACTERISTICS OF MATTER 20 8 271 18
ORDER3ZD CONCEPTS PATHFINDER MEM: 3

1, ELECTRON 1 (7) .-

2, SHELLS 1 (11)
3, IoN 1 (5) '
4, BOUND EBLECTRON '« (117)
5.- . EBXCITED STATE 2 (10)
6. FREE BLECTRON (15)
7. BANDS 1 (16)
8. CONDUCTORS 3 (1u4) ‘
9. VALERCE 3 (13) '
10, N IONIC AND COVALENT BONRS 2 (12)
11, ORBIT 7 (9) . o
12, ATOM T (4)
13. " MOLECULE 4 (6)
14, . ELEMENT 2 (2)
185, COMPOUND* 1 (3)
16, | MATTER 4 (1) .

17. NUCLEUS 10 (8)

CHARACTERISTICS OF MATTER 20 8 2/ 73 ‘
DISTANCES REARRANGED TO SUGGESTED ORDER PKTHFINDER MEM: 3

'12345678901234567
L J

k&%

ojye

o= 1= 101

oceedie

110808y
eo60608
006000000

Yoo 31
IRRFEEE KRN
333300033108
$11100003;:1000
:::oooozgt.tQO
°|°|OOQ|°3.\°Q°
i:goo...o.;o;o.o

SN ONLE RN ROV TIDONE WK

FIGURE 30
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0SCILLOSCOPE 2D 8 27 173 :
 ORDERED CONCEPTS PATHPINDER MEM: 3

1, TRACE 1 (7)

2, " ROCUS CONTROL & (5)
3, PR?SENTATION CONTROLS S5 (1)
b, " INTENSITY CONTROL -3 (6)
5, POWER AND SCALE 3 (4) _ \
6, MODE CONTROL 10 (8)
7. POLARITY CONTROL 5 (10)
8, VERTICAL CONTROLS 3 (2)
9, TRIGGER SELECIOR CONTROL 10 (12).
o 10, VOLTS DIV VARIABLE VOLTS DIV 2 (9)
11, POSITION CONTROL 6 (11) '
12, : TRIGGER MODE LEVEL AND STABILITY 2 (13)
13, v HORIZONTAL POSITION CONTROL 2 (16)
14, : HORIZONTAL DISPLAY CONTROL 2 (14)
18, TIME DIV VARIABLE TIMY DIV § (15)
16.  HORIZONTAL CONTROLS 10 (3) o

17. AMPLITUDE CALIBRATOR 8 (17)

OSCILLOSCOPE 2D 8 27 13 '
DISTANCES REARRANGED T0 SUGGESTED ORDER PATHFINDER MEM:i 3

1 12345678901234567
2 o :

3 oy

4 069

5, \oke

6 o110

7 s 338

8 1e90:00@

9 ©03::800

0 °6,i13:011@

1 111330508

2 itiitviz000

3 to1103: 18080
4 totoo: 3000800

5 130151: 000088

6 Cepregss 3100880
7 1:13200,,; ;000000

FIGURE 31
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ANNEX C

A Sample of "Subject" Information Structures:
Instructions and Test Materials (Characteristics of Matter)




™
INSTRUCTIGNS: ~RELATEDNESS JUPGMENTS ,
O Neme. o Growp_ .

If you ware going to tell someone about what you'

‘f‘have just learned, you would perhaps choose some key
. concepts from.the material and describe how thay were .~ .

 related to one another. In order to communicate this .

" very well you would have to know which key concepts

!“fﬁ were strohg1y ;e1at§d‘and.whigbiwe;egnot,:*;»~

© " We are interested in testing how well you weuld . ' ¢
be able to describe this material to someone:else, In. =~ ' .. .

. ““'order to.find this out we would like to'seé how well you ‘' .
© . can judge the strength or dégree- of rglationship'gﬁ_ AR
" 'between pairs:of key concepts on a scale from 1-100.- .~ -

“*,, If you feel a particular pair.of concepts should be. . .= .
~ strongly related in describing -the material to another - .:j:
- person you should place a high number (close to 100) ... -

in the blank next to the pair. If the concepts are .. .

moderately related, then a number close_tO‘SOashould>ﬂT&‘,?if::,

be appropriate ag€ydur answer. .

In-drdergto'familiafize you with theféét'of‘¢¢pce§gs;7

L. we would like you to studyfthé,attached,1istffpr;approxi— o

mately two minutes. To ald in your judgments, it ds' . -
 gsometimes useful to mentally select the two concepts or-

terms you feel are most related and assign a rating of * SR
100 to that palr. Then, salect the two,concepts which =~ o oumed

are least related and assign a rating of 1 to that pair, .
This setting of extremes will help make your judgments
more accurate and consistent. S ,

You are now ready to begin making ydur judgments
‘. on a scale from 1 to 100. Remember, assign a_high

~ - number 'to concepts that should be highly related in

~describing this to another person and a low number to
concepts that should. be treated primarily separately,.
and numbers in between to reflect different degrees

of relatedness. - s i




e @ . "1
RSN
; . '\t’ ‘,yfr .
I CHARACDPERISTICS OF HATmsn
1. MATPER -
2, ELEMENT
3. CONPOUND
4, ATOM
. 5, ron
L 6. MOLECULE
“a, 7. ELECTRON . ‘
8. NUCLEUS i
9, ORBIT : '
10. EXCITED STATE
11. SHELLS -
12. IONIC AND COVALENT BONDS i
13, VALENCE .
14, CONDUCTORS, saur-connucrons. AND INSULATORS
i= 48, FREE ELECTRON
i 16, BANDS (VALENCE, CONDUCTION' AND FORBIDDEN)
’ ~ 17. BOUND ELECTRON.

/

i PRINTOUT: ENTER 1 OR OTHER START ITEM
_. 0: .
1




ANNEX D

A Sample of the Pictorial (visual) and Verbal Multiple Choice
Tegtgs: Instructions and Material (Characteristics S
of Matter)




INSTRUCTIONS
VISUAL MULTIPLE‘CHOICE

Name . Group_
Scoxre

This is a test to determine how well you learned the
study matérial. The pictures on.each page‘iepfesent a
Question. - Study the pictures and circle the best answer
to the‘question. Answer all questions. If you do not

know the answer - guess.

D=2



CHARACTERISTICS OF MATTER

shared electrons -

a. free electron
b. ifonic bond

¢. excited state
d. covalent bond

Nmatter /

a. has mass and occupies space

b. is an element s

c. is the smallest particle of an element

d. is an atom that has acquired a positive charge .

AL

> B
| () vatence -1

. gain one electron in a chemical reaction
fose one electron in a chemical reaction
not combine with other elements

combine only with inert elements

.0 oo
- o »

ERIC | b3



j{ "’4;" electron exchange |

‘a. free electron

b. 1onic.bond ,
cixexcited state -
d. covalent bond .

e ‘
y N
Valence Forbidden _Conduction
Band - Band ~Band
a. electrons are bound to the parent atom
b. electrons are free to conduct an electric current
¢c. electrons are not permitted - '
d. electrons become jonized
6.

a combination of two or more atoms

a. nucleus

b. ion

c. molecule
d. element

[}

7. l/StLlcoué#' ~ AERMANNP%

. conductors
seimiconductors,
insulators
inert elements

ao o




-8,

0.

11.

o~

Valence
Band

S

Forbidden . ~cOnduction

Band

Band

a. electrons are bound to the parent atom ' ‘
electrons are free to conduct an electric current -

b.
c.
dl

electrons are

not permitted

electrons become ionized

0
ClalX
aJe

Valence +1

a. gain one electron if a chemical reaction
b. lose one elactron fn a chemical reaction
not combine with other atoms
combine only with inert elements

CI
do

‘ ¢,’——~;;\\\2>\ Hydrogen

©)

()

a. mixture

b. atom
c. element

d

<1

O T

. molecules

7

«—— Oxygen

e €
orbit jump

free electron .

jonic bond
excited state
covalent bond

S sy

smallest part of a»coppound



D

b.

- d.

14,

- ‘fkaaxvalence electron

. "'b, "bound ‘¢lectron .
‘¢, planetary electron

T de free e1ectron Lo

Valence
Band

valence electrons

alamaamma |

,. =1 e I
mbptt————
e et e

Forbidden

Band

bound electrons
planetary electrons .
free electrons

atom

' Conduetion

Band

“the smallest particle of matter

. a chemical combination of two or more elements
a combination of two or more molecules
the result of mechan1ca11y combining two or more elements

L]

compound
atom '
~element
molecule

cannnot be decomposed into simpler substances

._\( .A.‘ . :




15,
orbit Jump

a, heat energy

b. collision with a photon
c. electrical pressure

d. a1l of the above

. | _ \

a. protons

- b, @lectrons
c. free ele¢trons
d. ions '

18.

v:faé°/ | RupBer =
7] =2 B

conductors
semiconductors
. insulators
inert elements

Qoo

19, S}~ Extra electron

a, combination of two or more atoms
b. free electrons
c. nucleus ‘

\‘1 do ion




~ "Valence ~  Forbidden  Conduction | Lo
Band Band ' Band

a. electrons are bound to the parent atom ,

b. electrons are free to conduct an electric current‘

- ¢. alectrons are not perxmitted
4. electrons become fontzed

21°‘ sheil name?

22,
: TIN

a. conductors
b. semiconductors
¢. insulators
d. inert elements

b. electrons
- ¢. free electrons

o d 1ons o o ‘D~81f‘

23.

, -
a. protons




h\Y

~ INSTRUCTIONS
' VERBAL MULTIPLE CHOICE

- Name_ . ‘ . o group ‘'

it st ol "..“«.'

. S o o ’.k,““~  ;
This 1s a test to determine how we;1;y°u learhed;,u;’;,

~ the study material. Read tha quesfiohﬁah&'bif&ig,ghe
- best answer to the question. Answer»all{dueétioqs;‘;Igbﬁ*”*

- you do not know the answer--guess.

D=9 - L,




1.

2.

3.

Y

Characteristics of Matter

Silicon and germanium are examples of:

A.
B.
C.
D.

conductors ‘ o
gemiconductors

insulators

inert alements

An atom with a valence of 'l will normally:

A.
B.
C.
D.

gain one electron in a chemical. reaction
lose one electron in a chemical reaction -
not combine with other elements

combine only with inert elements °

An atom that has acquired an electrical charge is a/an:

A.
B,
C.
a.

Glass, rubber,

A.
B.
C.
D.

Matter:

A.
B,
c.
D.

combination of two or more atoms

free electron : .
nucleus | :
ion

and sulpher are examples of: '

conductors
semiconductors
insulators
inert elements

has mass and occupies space

is an element

is the smallest parficle of an element :
1s an atpm that has acquired a positive charge

When atoms share valence electrons they are held together

by a/an:

free electron
ionic bond '
excited state
covalent bond

D-10



7. The smalles£ part 'of a compound is known as a/an: e

A,
B.
C.
D.

8, Tin, gold, and

A.
B.
c.
D.

mixture
atom °

alement
molecule

gsilver are examples of:

conductors
semiconductors
insulators
inert elements

9. The shell closest to the nucleus is called the shell

A,
B.
cC.
D.

10.An atom is:

A,
B.
c.
D.

neay
A

K .
Short

The smallest particle of matter

a chemical combination of two or more elements
a combination of two or more molecules

The result of mechanirally combining two

0y more elements ,

ll.Electrons residing in the lower energy band of the valence

band are known

A.
B,
C.
D.

as:

Yalence electrons
bound electrons
Planetary electrons
free electrons

12.An atom may jump an oxbit due to :

A.
B.
C.
D.

13."When the atoms
by a/an:

heat energy :
collision with a photon
electrical presure

all of the above

exchange electrons they are held together

free electron
ionic bond

excited state
eovalent bond

D-11



14.

15,

l6.

17.

18,

19.

20.

In the conduction band:

A.
B.

c.
D.

The particles

A.
B.
C.
D.

electrons are bound to the parent atom
electrons are free to conduct electric
current

alectrons are not permitted

electrons become ionized

orbiting the nucleus of an atom are called:

protons
elactrons

free electrons
ions .

Electrons removed from the influence of the parent atom

are known as:

A.
B.
C.
D.

A combination

A.
B.
C.
D.

valence electrons

bound electrons

planetary electrons
. free electrons

of two or more atoms is a/an:

-~ nucleus
ion
molecule .
element

An atom with a valence of +1 will normally:

A.
B.
[y

e

D.

gain one electron in a chemical reaction
lose one electron in a chemical reaction
not combine with other atoms

combine only with inert elements .

In the lower energy level band of the valence band of

an atom:

A.
B.

C.
D.

electrons are bound to the parent atom
electrons are free £o conduct electric.
current '
electrons are not permitted
electrons become ionized

A substance that cannot be decomposed into simpler

substances is a/an:
A. compound .
B, atom
C. element
D. molecule

D-12



2l. The nucleus of an atom contains:

A. protons

B. electrons _
C. free electrons
D. ions

22. ' In the forbidden band:

A. electrons are bound to the parent atom ‘

B. electrons are free to conduct electrie current
C. electrons are not permitted Ve
D. electrons become ionized ,

23, An atom which has jumped orbits is said to be:

A. a free electron i
B. 4in an ionic bond

C. 1in an excited state .
D. 1in a covalent bond ' DR
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ANNEX E

An Example (Characteristics of Matter) of the
Standard Cloze and Concept Cloze Techniques:
Instructions and Test Material



CHARACTERISTICS OF MATTER

Name ‘ : Group
Score

This test consists of the same text material pre-
sented previously. A number b6f words have been taken
out of each passage and in place of each word you will
£ind & space containing a letter. The words omitted
were concepts considered important to the undexstanding
of the characteristics of matter. The letters which now
appear in the text correspond to one of the concepts
listed below. Your task is to find out which letter
goes with each concept. When you know the answer, £fill
in the letter beside the concept. There is only cne
‘letter for each concept. ~Fill in all the spaces beside
teh concepts. -

CONCEPT
_____Matter Conductors
___Element Semiconductpis
0 Compound Insulators
Atom | Free Electron
Ion Valence band or\Valence Shell
Molecule Conduction Band or Conduction
. Shell
Electron Forbidden Band
Nucleus Bound Electron

__Orbit
Excited State

Shells

Ionic Bonds

Covalent Bonds

Valence or Elect;ovalence

ERIC



CHARACTERISTICS OF MATTER

CONCEPT CLOZE

. is most often defined as "anything that has mass
and aﬁigﬁlgy'hggce". It is relatively easy to form a mental
image of soma object as it occupies spaca.

With exception of the Greeks, ancient man had little
interest in the structure of materials. * He accepted a solid
to be just that - a continuous uninterrupted substance. Some
of the Greeks thought that if a person bagan to subdivide a
piece of material such. as ‘copper, he could do so indefinitely.
it was amon. these people that the idea of continuous
was fostered. Others reasoned that there must be a limit to
the number of subdivisions that one could make and still retain
the original characteristica of the material being subdivideqd,
They held fast to the idea that there must be a basic part-
icle upon which all substances are built. Both of these argu-
ments were equally valid at that time, for there was still no
means available to determine whch faction was correct. Mankind
did not question this until the nineteenth century.

It was not until 1805 that John Dalton proposed his theories
concerning the nature and behavior of C . He proposed
that all . ¢ , is composed of invisible, solid, indes-
tructible particles.

Composition of C

As previously stated, the efforts of the Greeks to sub-
divide a simple material were unsuccessful because of their
limited technology. It was near the middle of the seventeenth
century that Robert Boyle phrases the first definition of an
"elemental substance.” He stated that an _ S is a substance
that cannot be decomposed into similar substances. There are,
at the time of this writing, one hundred two known S  with
the possibility of discovery of many more. They range from
abundant S such as silicon, carbon and oxygen to rare S
such as lanthanum, samarium and tuletium which are extremely
.. hard to process. During World War II many S were synthe-
sized {man-made). The names of the man-made __S are interes-
ting because in many cases they indicate their origin by their
names. S such as americium, californium and berklium are
examples of S of this-type.

Although many substances are composed of a single S ,
‘a far greater number of substances are composed of a combination
of different _S . When two or more __S __ are chemically
combined, they form O . A common example of a _ O  would
O a substance such as water, which is composed of the
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5 hydrogeﬁ and the ' S oxygen.

As S such as hydrogen and oxygen are chemically
conpined to form a 0 » they lose their individual
fdentity. A most vivid realization of this fact can be noted
when visualizing white crystaline suger. This 0 ‘consists
of the black, solid S carbon, and two colorless gaseous

S , oxygen and hydrogen. Thousands of 0 are
known, each of which possesses definite chemical and physical
properties that enable it to be distinguishable form other

A « The almost limitless conbinations of ] to
form (% has led to the discovery of the many substances
which have become a part of our daily lives. A few common
“examples of 0 are: salt, wood, and limesgtone.

The discovery of the many substances that have become a
part of our lives would not have been possible without a great
deal of study of the ] + Since the S are the
fundamental substance of all___C -, the development of -
any new groduct must be based on a knowledge of these substances.

- The cannot be dacomposed into a simpler gsubstance; ‘
therefore, the dissimilarity between them can only be explained -
by assuming each S - to consist of basic particles. This;
basic particle is called an F . While the
of a given S are similar, the F of EIEEerent

8 w{Il have different characteribtics

An F is defined as the smallast partiele of an
S "that retains all of the properties of the <) .
TE following is Dalton's concaption of the__ p 3 T

a. All materials are composed of minute indedtructibel
particles called F .

b. The F is the smallest component part o: an
R . g that enters into a chemical reaction.

c. All _F of a given 3 are exactly the same
in weight, shape and size.

The F is the smallest part of an that
enters into a chemical change, but it does so in the form of a

charged particle. These charged particles are called R
and they are of two types--POSITIVE and NEGATIVE. A positive

J  may be defined as an P thaly has bacome
positively charged. A negative ' J may bé defined as
an F. that has become negatively charged. One of the
properties of charged I is that 1 *4of the same
charge tend to repel one another, whereas J  of unlike

charge will attract one another. The term charge has been used
loosely. At present, charge will be taken to mean a quantity

of electricity which can be one of two kinds, positive or neg-
ative.

Q The gonbination of two or more F to form the smallest
AR\(jt of a 0 ~ comprigses a structure known as a K. -
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For example, when the 0 water is formed, two F

of hydrogen and one _F of oxygen combine to form a
K of water.. A single X is very small and is
not visible to the na'ed éye. Therefore, a few drops of
water may contain as manyj)as a million K + A single
K {s the smallest/particle into which the 0 can
be broken down and still be the same substance. Once the last
K of a 0 is divided into F , the substance

no longer exists.

Once the basic parts of the F are known, an
attempt can be made to construct a suitable atomic model. This
model must accurately represent and be compatible with all of
the facts known at the time the model is constructed. Dalton
viewed the F as a small indestructible sphere having
the ‘ability to become firmly attached to other atomic spheres.
Later and more advanced experimentatién proved that tiny charged
particles could be removed from inside the_ F . As a
result, Dalton's model could no longer be considered satisfactory.

Thompson advanced the theory that F must have a
structure since a fundamental particle must be extracted from
them. He envisioned the F as being a sphere in which
were contained a sufficient number of positive and negative
charges to make the overall charge of the__F _heutral.
Thompson's idea that the positive and negative chi rges were
evenly distributed throughout a sphere was disproved in an
experiment conducted by Sir Ernest Rutherford.

In this expasriment, a narrow beam of alpha particles

(positive double charded helium_. J ) was obtained from
a sample of radium and directed through a 'small hole in laad
block toward a thin sheet of gold foil., If the F
were constructed as Thompson visualized, the positive alpha
particles should have had their paths deflected by small amounts
due to the positive charge distributed evenly through the

__+The results weré hardly what wes expected. Ruther-
ford found that most of the alpha particles went right through
the gold foil without being deflected at all. The remaining
particles received large amounts of deflection, soma as high
as 180°. This could only be explained by -assuming that all of
the positive charge in the F was concentrated in
one area away from the negative charge. Any alpha particle
coming close to this center of charge would be saverly de-
flected, while one passing some distance away would go through
the foil undeflected.

From the results of Rutherford’s experiments, emerged our

present concept of the structure of the F « The F
is now believed to consist of a group os positive and neutral
articles (protons and Neutrons) called the E _s sumrounded

y one or more negative orbital - M . Thig cohcept. of the. F
can be likened to our solar system in which the sun is the
massive central body, and the planets revolve in g at
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disorete distances from the gun. The M whirl about

the nucleus of the F ' much as the planets whirl about
the sun. In both the solar system and the _F + practically
all the C ___ in the system is contained within the

central body.

Excluding particles such as mesons and neutrinos, which
are of little importance to electronics, the ' of an

F_ is made up of heavy particles called PROTﬁﬁ S and
NEUTRONS. The proton is a tiny charged particle containing.
the smallest known unit of positive electricity. The
neutron hag no electrical chaxge. ‘

In the lighter ' 'S s the = = contains approxi-
‘mately one neutron for each proton wﬁile In the heavier = S
there is a tendency for the neutrons to outnumber the protons.
The " E of the helium '~ F . .consists of two protons
and two neutrons. In contrast, an""'F " of mercury has
eighty protons and one hundred twenty neutrons in its E .

The mass of a proton and a neutron jg§ very nearly the same =~
and is equal to approximately 1.67 x 10~ gram. This mass is
about 1845 times as great as the mass determined for the

M .

To obtain some idea of the relative dimensions of a typical

F , assume the = F ' to be expanded in size until
its outer diameter 1s equal to twice the length of a football
field. The = .E , positioned in the center, would appear
as a sphere having a diameter equal to that of a penny! This
example vividly illustrates the vast emptiness which exists
within the F +» One can now readily see why most of
Rutherford's alpha particles streamed through the thin gold -
foll with little or no deflection.

Surrounding the positive E of a typical F

is a cloud of negative charge made up of planetary M
Each of these M ~  contains one unit of negative eIectricity

equal in amount to the unit of positive electricity contained
in the proton.

In the normal F s, the numbeér of - : in this cloud

is exactly equal to the nﬁEBer of protons in” the nucIeus. The
net charge of a normal =~ F is therefore zero, since the

equal and opposite effects of the positive and negative charges
balance one another.

If an external force is applied to an F , One or
more of the outermost - M = may be removed. This is possible
because the outer ©= M~ are not attracted as strongly to the
postive = E as are the inner = M .

Q
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When F combine to form an elemental substance, the
outer M ~ of one F  will interact with the outer = M of
neighboring to form bonds betwaon the F . These atomic
bonds constiEute the binding force which holds all o to-
gather. When bonding occurs in some substances, each F
retains its full complement of « In other substances,
one or more outer M will be gaIned or lost as a result
of bonding. As ihdlcated by the above statements, the M
configuration of the F is of great importance. The
chemical and electrical properties of a material are almost
wholly dependent upon the M arrangement within its ' F .

As might be expected, the E is well shielded by the
M cloud and does not enter into chemical or electrical
processes. To disrupt the 'E of an ' requires a vast
amount of energy such as is released by each ' F_ in the.
explosion of an atomic bomb.

The total energy contained by the M  (kinetic plus
potential) is the factor which determines the radius of the
M B .+ In order for the M to remain in this ' B

it must neither gain nor lose energy.

Light energy exists in tiny packets or bundles of energy
called photons. Each photon contains a definite amount of
energy depending on the color (wavelength) of light it re-

" presents. Should a photon of sufficient energy collide with
the orbital hydrogen = M , the M will absorb the protons
energy. The M whiIch now has a greater than normal amount
of energy will jump to a new B farther from the E .,
The first new B  to which the can jump has a radius
four times as large as the radius of the original B .,

Had the M received a greater amount of energy, the
next possible B to which it could jump would have a radius
nine times the original. Thus, each B may be considered
to represent one of a large number of energy levels that the

may attain. It must be emphasized that the M cannot
3 to just any « The 'M ' will remain in Its Jowest
‘until a sufficient amount of energy is available, at
which time the _ M will accept the energy and jump to one
of a series of PERMISSIBLE B . An "M cannot exist
in the spaces between permissible or energy levels. This
indicates that the 'M will not accept a photon of energy |,
unless it contains enough energy to elevate the ' M to one
of the allowed energy levels. Heat energy and coIlisions
with other particles can also cause the _ M _ to jump .

Once the M has been elevated to any energy level
higher than the lowest possible energy level, the ' F
is said to be in an~ N .



The M will not remain in this excited condition for
more than  a fraotion of a second before it will radiate the
excess energy and return to a lower enerxgy « To illus~
trate this principle assume that a normal M has just re-
ceived a photon of energy sufficient to ralse It from the first
to the third energy level. In a short period of time thao

M _ may jump back to the first level emitting a new photon
identical to the one it received.

A gsecond alternative would be for the M to yaturn
to the lower level in two jumps; from the third to the second,
and then from the second to the first. In this cuse the

would emit two photons, one for each jump. Each of these
Hotons would have legs energy than the original photon which

excited the 'M and would represent a longer wavelength
of light. :

, This principle is uged in the flourescent light where
ultraviolet light photons, which are not visible to the human
eye, bombard a phosphor coating on the inside of a glass tube.-
The phosphor electrons in.returning to their normal 'B  emit
photons of light that are of a visible wavelength (longer
wavelength). By using the proper chemicals for the phosphor
coating any color of light may be used in lighting up the
soreen of a television picture tubee.

Although hydrogen has  the simplest of all" » the :
‘basic principles just developed apply equally we I’ to the  F
of more complex“'s _« The manner in which the ' B _ are es-
tablished in an 'F  containing more than one is some-~
what complicated and is part of a science known ae guantum
mechanics, In an F containing two or more M ’ the M
interact with each other and the exact path of any one
is very difficult to predict. However, each M will II

in a specific energy band and the above mentidned will be
considered as an average of the M positions. :

The difference between the F insofar as their chemi ~
cal activity and stability is concerned, is dependent upon
the number and position of the particles included within the
F . F range from the simplest, the hydrogen ' F
containing one proton and one electron, to the very ompIex
atomic structures such as silver containing forty-seven pro-
tons and forty-seven electrons. How then are these M
positioned within the "F. ? In‘general,-the M  ‘reside
in groups of - called _ P . These __ P are elliptically
shaped and are assumed to be located at fixed intervals as
'predicted by the Bohr concept. Thus, the and the number
of M required to fill then, may be pred icte . The second
P for example, would contaln 8" when full. 1In addi-
tion to being numbered, the are also given letter designa-~ '
tions. starting with the _ closest to the B and progressing
outward, the 'P are labeled K, L, M, N, 0, P, and Q respectively.




The p are considered to be full or complete when they
contain the following quantities of _ M . Two in the K P .
alght in the L __P ., eighteen in the M _ P , and so in accor-
dance with the oxclusion principle. Beyond the'N _P__, the
actual number of M reguired to fill a __P _ has not been
experimentally determined. .

Progressing away from the atomic __E_, the fixst M

P ‘which does not have the full complement of . M In that

P is called the _I . Even though the inext. _5S _
{helium, neon, argon, Krypton, xenon and radon) have a full
conplement of _ M _in all P ., the,outer. P of these

S ig still called the I . The stability of en __ F
{8 greatest when the .. I of an F 1is occupied by the full
quota of allowable __M_ . Hence, the _S __ lithium has mini-

wum stability while neon has maximum stability.

Electronics and M theory is a very recent science
compared to chemical soience. The term _ R _ was used as a
part of the standard chemical vocabulary long before the

M concept was evoloved. When the 4% theory was
firmly established, the new term was officlally adopted;
the two terms may be used interchangeably. . S

The capacity of one S to combine with another
S 3is indicated by the number of " which an
. donates, or accepts, or shares w another F
to secure a complete I » and 1s called R

The R __of an__F is expressed in terms of a
number, prefixed by a + or- sign, indicating how many M -
the F gains of loses during a chemical reaction, oxr
indicating the number of. electron-pairs shared during the .change.
Generally, if the B has more than half of the eight
M to complete its I » it will tend to complete
its P by removing M from the T of
some other _ F during the process of forming a o) N
The F__galning M are prefixed by a minus(-) sign.
It i8 also. generally true that if an____p has half of its
: g . £1illed, the a may act in either direction; that
18 1t may donate its_ n M to one type of
F but when combined with some other P ; it may
remove M from the 9ther__ R to fill its own T .

. The__ R numbers are prefixed with either a + or - .
aign depending upon the chemical reaction which takes place. If
the 'S has less then half of its required R ' M
it will usually donate its M __to some other F during
the process of forming a 0 and their R number 1is
prefixed by a plus (+) sign.
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Previous discussions have shown that__ F possessing

more than half of their R M generally tend to
£1i11 .their I at the dxpense of other F « Those
required to

~ that do not possess half of the M
'fff%’iﬁe I generally donate their R : M
to other F . When chamical bonding 1s accomplished by
an exchange o between F the F are said to

M )
be held together In an__ D ' .

D ——

react chemically to form a 0 -'withagg

Many F
donating or accepting M 3 the differe F_ shafe
‘ M they have in common. The sharing of R M

between_ F is known as electron-pair oy Q . . -

It was mentioned previously that__ J do exist and that they
are___F that have assumed a charge. It was stated that there
are positive and negative J . The process whereby an__ F
acquires a charge will be dIscussed at this time. '

It is possible to drive one or more__ M out of any of ‘the
P surrounding the E « In the case of incomplete P,
It7is also possible to cause one or more additional -~ M~ to
become attached to the_ F . 1In either case, whether the_ F.
loses M or gainsT M, it'is said to be IONIZED, For
ionizatlIon to take place there must be a transfer of energy

which results in a change in the internal energy of the, F .

Thus, ionization is the process by'which an_ F_ loses
or gains M. : . ' ’

An ‘' having more than its normal amount of M
acquires a negative charge, and is called a NEGATIVE j .',“’

" The I_that givee up some of itas normal M is left
wiggsigisznegagive charges than positiva charges and 1s called
R el s * . )

In the study of electronics, the association of ¢
and electricity is of paramount importance. -S8ince every electronic
device is constructed of parts made from ordinary € , the
effects of electricity on_ C must be well understood. As -
a means of accomplishing this, all the 8 of which ¢
is made amay be placed into one of three categorize — A
H  and G . A for exemple, are -~ 8 such .
as copp2r and gilver which will conduct a flow of‘EI@EE?icrty
very readily. Due to their good conducting abilities they are
. formed into wire and used whenever it is desired to transfer
electricdi energy from one point to another. __ G (non-conductors)
on the_other hand, do not conduct elebtricity to.any great.
degree and therefore used when it is desirable to prevent a
flow if electricity. S and__ 0 such as sulphur, rubber,
and glass  are good_ G~ .  Materials such as germanium and
silicon are not good conductors, but cannot be ugsed as G
either, since thelr electrical characteristics fall beEwaen
those of A and_G . These in-between materials which
A~ not make good_ A, or good__ G __ are classified as H
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It was previously mentioned that by the process of ioni-
zation, M P could bZ removed from the influence of the parent
F_. 7These _M , once removed from the . R, are capable
of moving through the material under the in?Iuancq of external
forces. It is by virtue of the movement of these M  that

electrical energy is transported from place to placae.

The ability of a material such as copper to conduct
electricity must therefore deiend on the number of dislodged
M__ normally available within the material. Since copper
s a good A ¢+ 1t must contain vast numbers of dislodged 'or
L - . ‘ . -

¢
e ——

To understand how the M become free, it is necessary
to refer back to the M energy levels within the . F ., Tt
was previously stated that if precisely the right amount of
energy was added to an orbital M , it would Jump to a new

B__ located farther from the " E . If the energy is suffi-
olently large, the jump may carry the M to such a distance
from the positive _'E  that the M ecomes free. Once
free, the _M _ constitutes the charge carrier discussed abova.,
The only problem remairing is to determine how the _ M in
the piece of copper obtains enough energy to become fres.

After a moments consideration a person realizes that the
average piece of copper contains some amount of heat energy.

*In fact, a plece of copper at room temperature (72°F) is '
apprximately 531%F above absolute zero! _This temperature indicates
that the copper, although only warm to .the touch, must contain
aconsiderable amount of heat energy. The phonons of heat-
energy, along with other forms of natural radiation, elevate the
electrons to the energy levels where "they can become free.’

From the preceding theories, one might wonder why all
materials containing the same amount of heat energy do not
‘conduct,electricity equally well. The answer lies in the faot
that the. M 1in various materials require different amounts
of energy to become free. The outer Pp has two energy bands

called the_ I and the + - Between these two energy bands -
is an energy gap called the T .

: M __residing in the I__are called w ., They are
considered to be firmly. attached to the parent F__and are
not available for the confuction of electricity.

In order for an M +to become a L it must.gain
enough energy from external forces to Sump the‘forbidden gap
and appear in the U . »

is free and may be made~ '

Once in the H ; the M ,
to move along through the —.A__Inthe form of an electric

current, -

.G have a very wide energy gap. This means that

3 1aiG5 GURE of snergy must be added’to each___ M in an
~ 1insulating mate
o aing nate

rial Before it can becotte free. ‘Thus, at reom




temperature gufficient energy is not avallable to cause M

to jump to.the __U _ and the material has practically no
L . .

The A has little or no forbidden gap. Since this is
~ true, under normal conditions the for a A contains

U
a sufficient number of _ M  to make It a good _A__ of elec~
tricity.

The _H  being neither a'good _A ‘or a good _G__ has
an energy gap between that of a __A and that of an _ G




INSTRUCTIONS FOR
CLOZE TEST

I’s
Name : : Group

Score

This test consists of the - taxt material'ueed in charao-
teristics of matter instruction. A nunber of words have been
taken out of each passage, and in the place of each word you
will find a space which is underlined. Your task is to fill
in, for each blank space, the precise word which was taken
out. In other words, you are to try»to guess exaotly what . ",'iﬁ
words appeared previouely in the text and are now. removed. R

Your ability to correctly f£ill in the blanks should reflect

your knowledge of the topic.




Matter is most often defined as “anything that has
mass and occupies space". It __ relatively easy
‘to form a mental image of some object as it occupies spaCe.

o exception of., the Greeks, ancient man had
1ittls interest in the structure of materials. __
accepted a solid to be just. that, a continuous u“lnterrupted

, . _substance, Some of the __ - _thought that if a per-. o

son began to subdivide a Iece of material such as ___-_ - - Hﬁ);ygg
- he could do so 1ndefinitely. ‘It was. among these people *1 o
‘that the idea of matter was’ fogtered. - Others
reasoned that there must be a: limit to the number - Ju?m*«
subdivisions that. one -could make and still retain ~he

. - oxiginal- .chiaracteristics of the material divided.;

,,3ytuntil the nineteenth centurY-‘;;w~.ﬂf7’“

- They held fast to the idea that there must be, a basic
particle - which all substances are built.q Both;
- of these arguments were equally yalid at ‘the . <

‘for there was still no means available to deterthe which»
faction was correot. Mankind ' _. .. .. " not queStion”thi

S It was not until 1805 that John L proposed;
vkkwhis theories. voncerning the nature and’ behavinr ‘of ‘matter
" He proposed that all. ‘38 oomposed oﬁ'inv sibl‘
“I;solid, indestructible partioiss. S

’if}fComposition of Matter

oy A8 previously stated, the R e
- to S“bdivide a, simple material: were unsuccessfulgp‘ca

v of their limited -~ It was near the middle: ¢

'ff{the seventeenth century that Robort: B°Y1° phrasés’ t

- .. definition of.an "elemental substanc
: atated that an ELEMENT is8 a substance that" . -
decomposed’ into similar . substances., There, are at th

7F;gtime of this writing, one - . . “two. known' elemen g

- with ‘the possibility of discovery of man{ ‘moxe: Thay
. range from _ ‘elements such as silicon, carbon

fjA;and oxygen o rare elements such as lanthanum, samarium,

. . DUTIRg World War II many elements were

‘tuletium which are extremely herd to-process*

" made). The namés of the man—made elements %¥a Interas

- ing because in many c¢ases they - ‘thelr origin
- by their names,  Elements. such as amerioium, ‘californium
;<and berklium afe examples L ts of this |




R v be a substance euch as water, ‘which is com=
Cop oaea of the element hydroqen and | . element - .
L owygen.. L

. As elements such as. hydrogen and oxygen aie ohemi-

B - oally combined to form . compound, they losé’

..« - their individual identity. A most vivid realization of

o . this fact can - . hoted when visualizing white
~orystaline sugay. This compound consists of the black, '

' solid element » and two tolorless gaseous ele- S

Wt .menta; oxygen- ana'ﬁyarogen. Thousands of compounds are )

¥ known, each _ . which pogsesses definite chemigal .

T and .physical pr¥operties that enable it to ba. dietinguieh-,
~able from ‘ compounds. The almost limitless

: comhinatio n8 of elements to .form compounds has led to tnee‘}
.of the many substanoee which. have become a-.

‘*K; | art of our daily lives. A common examplee
§?.~- ‘of compounds are? - salt, wooE and. II estone. ' ‘
3% The discovery of the many that have
' become a part of our lives would not ﬁave been possibl. L
without - great deal of study of the elements. - -~

Since the elements are the ,fundamental substance PR
- all matter, the development of any new.product must be T
~‘based on a knowledge these substances.- The -
" elements cannot be decomposed Into -a simpler substance)
therefore, the dissimilarity . them oan. onl¥ be
"% . .explained by assuming each element to consiat of basie” )
<+ particles. ‘ basic particle is ealled an ATOM, =
-+ - While the atoms of*e given element are - v the .
Y- atoms of different elements will have dIEf ﬁt harao~*»*F

teristice." v . . , N L
A | An atom is defined as - - smalleet partiole
of ‘an element that retains all of tE pxopertiee ‘of the '

element, following is Dalton 8 conception of
the atom: - | | 4 L

‘& All materiale are composed of minute indestructible
' called atoms. “ o :

:1,bﬁi,The atom is the smalleet component part of an
‘ ‘eiement that enters & chemicel reao-
- tion.. _,,ml_}]\,;j o _W :

L , ‘o.;fAll atoms of a: given element are exaotly th'
"*ﬁf;}”rV,,hln. — shape, and eizes :

The atom ie the’ smallest gart of n: elemen“ that
an La chemical,change ut it ddes” so in tha'f
e charge_ particle;__» ,;_a;charg;ei -8
. IONS, -and: they aiei ‘




- mentation proved that tiny charged partiolés could be removedv

:imf}ihigh as 180

of unlike charge will attract one another. The term
charge has used loosely. At present, charge
will be taken to mean a quantity of eleotricity _.
can be one of two kinds, positive or negative.‘

The combination of two or ‘ atoms to form
.+ the smallest part of a compound comprises a structure .
. known as MOLECULE. For example, when the com- :

pound water is formed, two atoms of hydrogen and
atom of oxygen combine to form a molecule of water, ‘B
single molecule is - ~_small and is not visible to
the naked eye. Therefore, a few drops of o may -
contain as many as a million molecules.. A single molecule .
is the smallest ‘into which the compound’ can be
broken down and stIll be the same substance.

the last molecule of a compound is divided into atoms, the
substance no longer . S . p

Once the basic parts of ‘the atom are known, an attcnpt

can be made construct a suitable atomic model. .
~This model must accurately represent and be compatible. with -
, ‘of the facts known at the time the model is con- .
Btruoted. Dalton viewed the ' ‘as a small indestrucnp‘

tible sphere having the ability to‘becomo firmly attached. ' . -
to. other _ spheres. Latexr and more advanced experih}

inside -the atom. As a result, Dalton's model s
could no Ionger be oonsidered satisfactory. f“‘, o _:-,f

advanced the theor that atoms must have a

struoture since a fundamental particle must -

extracted from them. He envisioned the atom as being a

. sphere in which wexre -~ - a sufficient number of -

positive and negative charges to make the ovarall oharge o’
atom neutral. Thompson's idea that the ositive

na negatIve charges were evenly distributed throug out:
sphere was disproved in an experiment conduoted

by six Ernest Rutherford. ‘ .

- In this experiment, _ narrow beam of alpha

. particles (positive double Enrged helium ions) was: ;..

obtained from a . of radium and directed through

~ a small hole in a lead block towaxd a ___ .. __sheet of

gold foil, If the atom were constructed as Thompson visu-'

alized, the positive o ‘particles should have had - .

their paths deflected By small amounts duc to the positive -
distributed evenly through the ‘atom, The results .

were hardly what was expected. Rutherford found __ ey

- most of the alpha particles went xight through’ thengold e Lo

- foil without being deflected _ '~ all, The remaining

particlds rgceived 1arge amounts of. dEElection, some’ as e

g o could only be explained by

X D,




asguming that all of the positive charge in the :

was concsentrated in one area away from the negative Eﬁarge.
Any alpha particle coming to thisg-canter of
charge would be’saeverly defiectea, while on passing ‘some
distance would go through the foil undeflected.

From the results of Rutherford's experiments, energed‘
our concept of the structure of the atom. The -
atom 18 now believed to consist ' a group of posi--
tive and neutral particles (protons and nautrons) called o
the NUCLEUS, surrounded onie or more negative -
orbital electrons. This concept:iof the atom can be likened

our solar system in which the sun is the massive
centraI body, and the revolve in orbits at dis-
orete distances from the sun. The electrons whirl about
of the atom much as the planets whirl about
the sun. 1n both the systenm and the atom, prac-
, tically all the matter in the system is contained within
central body. ) -

Exoluding partiolee such as mesons and neutrinos,

‘which are of little importance a electronios, the
nucleus of an atom is made up of heavy particle oelled .
PROTONS .. ‘ "NEUTRONS. The Rroton is a charged

particle contalning.the smallest known unit of
eleotrioity. The neutron has ng; eleotrioal dharge.:,-

In the lighter elements, the nuoleus ‘contains :
one neutron for each proton while in the heavier elemsnts R
- there is a tendency the neutrons to outnumbexr the .
protons. The nuoleus of the helium atom consists of

protons and two neutrons. In contrast, an atom‘ L

of mercury has eighty protons and ~ hundred}twenty

neutrons n its nucleus. -
: The mass of a proton and a neutron _'.: very
* nearly the same and is equal to approximater T, 37 x 10“24
.gram. This mnass is ___ 1845 times as’ great as_ the
- mass determined for the electron.» ‘ « oy
To obtain some _ _of the relative dimensions f;?”i :
of a typical atom, assume tﬁ "atom to be expanded

size until its outer diameter is equal to twice the eng
of a football . . The nucleus, positioned in the ;wA
center, wculd appear as a sphere having a diameter S

to that of a penny! .This ‘example vividly illustratés
vast emptiness which exists =~ - .~ the atom. One can

- now readily see why nost of Rutherford's alpha particles

streamed Nk the thin 901d foil with 1ittle or no ‘f;qtaf

";;idefleotion.

: Surrounding the positive nucleus of

4'6‘“'?J"



;ftffﬁof ‘electrons. In'__ . substances, ohe X MmoXe out
‘W;*f bonding. As indicated by the above stetementeﬁ” e sisot
p ff‘The chemical and: electricel propertied ‘of & matetrial
,af;‘within its atome.J< S

e releaaed by each atom 1thﬁf
- an aton c )0 . . JF

."~,;,~.The total energy e by the electxcn

4 J’aemount of’energy depending on. the color - (anelength),

Ain;,the electron: will absorb- the photone energy.
t\;ﬁ;xwhioh now has 'a greater - normal ‘e nt-
ﬁ,l;will jump to a new orbit fart th81 from the nucle

" In the normal atom, the nunmber- of electrons ‘ a
~ this ocloud is exaotly equal to the number of protons in the k
. nuoleus. The \ charge of a normal atom is there-k
fore zero, since the equal and opposite effects g
- the positive and negative oharges balance one another. S

., If an external force is applied A atom. one
»or more of the outermost electrons may be remoﬁed. Thie " ie
. - ‘because the outer electrons are not ettracted
' as strongly to the positive nuoleue ee N : he 1nner

o

X eleotrons. . R o T y

. #hen atoms combine to form an element I/substance, the
. outey electrons .~ one atom will interaot with the
© outer electrons OF nelghboxing atoms to form bonds _ . -
. thg atoms. These atomio bonds constitute the binding’ force
' which holds all matter togethex. ‘bonding. obcurs
" in some substances, each atom reteIne Ite Eull comp;empnt

electrons will be gained or- 108t as.'a result

-configuration of the atom is w oo great: imp'

almost wholly: dependent

- the: electron \rrangement

us-ds .
oes, noE"en;grfint

R Ae might be expected, the nuclg
~ shielded by the electron cloud and
' chemical or electrical irocesees. B
_nuoleus of an- atom requires a vast. amounE of . enex:

(kineti,
pius potential) is the Factor whioh determines the radius’
~ .. elactron orbit, - In order for the- eleotron
to remain in this orbit it must ‘,vf-gein;no. :
energy. ~ _ AR p‘f‘I:7f {ﬁ*f:ir*”

X " Light energy exists in tiny packets or bundleaﬂo
;energy , photons. - Each photon contains a def:

e | 1ight it repregente. Should a photon of suffi
*.  Blent energy collide with the orbital hydrogeh,uv~; ;

qqqqqq

first hew orbit to whtch the electro '
us  four ‘tip ‘ . 1a the rad
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Had the electron received a greater. C L of -
enerqy, the next possible orbit to which it could jump
would have a : nine times the original. Thus,

each orbit may be consldexed to represent one of NUEEE
large number of energy levals that the electron may attain.
It must be emphasized the eléctron cannot jump N
to just any ORBIT. The electron will remain in its . 5 -
orbit until a sufficient amount of energy is available, at

which time the electron , - aceept the energy and

jump to one of a series of PERMISSIBLE orbits.. An _ )

cannot exist in the space between permissible orbits or
_energy levels. This indicates that __ electron

will not accept a photon of energy unless it contains

enough energy 'to the electron to one of the

allowed energy levels. Heat energy and collisions with:

‘ particles can also cause the electron to Junp

orbits. | A

Once the electron has been _ ‘ to énﬁ,energy-~' e
level higher than the lowest possible energy level, the atom = .+
is ~to be in an EXCITED state. ‘ . R

. The electron will not remain in this exoited N
Tor more than a fraction of a second before it will radiate :
the excess __ and return to a lower energy orxbit. .. .
To illustrate this principle assume that a  ~ . eleo~
tron has just received a photon of energy suffioclent to-

. raise 4t from the _ _______ to the third energy level. -In" .
a short period of EImé tha eleoctron may .. . . .. back 't .
fhe first level emitting a new photon identical to the one  :

. A second alternative would be for the eleotxon .to. - .
return to the lower level _ two jumps; from the -

-~ third to the second, and then from the second to . o .~~~
first. In this case the electron would emit two photons, . .~
one for each jump., __ " of these photons would have -
less energy than the original photon which excited the - - .
. and would represent a londer wavelength of light,"

IR

© This prinéiple is used in the . \;flightfwﬁeéé 5
‘ultraviolet light photons, which are not visible to the .

“human eye, bombard - - phosphor coating on the inside:
of a glass tube. THe phosphor electrons in returning . '~

__ . their normal orbits emit photons of light that
are of a visible wavelength-(longer __ -

, ; en | ). By using ©

isi.fthefprOPe:-chémigals~,o:’th¢‘phqsphor;éogtinq(@nyxcélqriO%’+

. light may ___~ used in lighting up the soreen of a
‘,ytglevgsipntpictu:e'ttfe;; ST R T R T

" Although hydrogbn has ____ __simplest of all atons
the basio principles just developed EplY?gggally well to:
o R ements.  The .

or - dn
containipg:




. gtarting with the shell ______  'to the nucleus &nd pro=

more than one electron.is somewhat com licated and-is part:
of a sclence as quantum mechanica. - In an atom

ocontaining two or more electrons, the electrons interact
each other and the exact path of any one elec-

“Tron 1s very diffioult to ", 'However, each elec-
tron will 1ie in a specific energy band and the above .
mentioned ___ , will be considered as an average of

the electrons positions.

The' difference between the ", insofar as
 their chemical activity and stablIity Is concerned, is '
dependent upon the number , - position of the par-
ticles included within the atom, .Atoms range from the o
simplest, the atom containing one proton and -
one electron, to the very complex atomic structures such
. silver containing forty-seven protons and forty~ =~ .
- seven electrons. How then are these electrons positioged. . = = =
within ‘atom? - In general, -the electrons reside = 7
- in groups of orbits called shells., These shells __ . _
oliiptically ‘shaped and are assumed to be located at fixed - -
" intervals as predicted by - - Bohr concepts Thus, > -
- the shells and the number of electrons required to £ill. - .
them, . " . be predicted. The second shell foi. example; .
would contaln 8 electrons when-full. In . to being ..
‘numbered, the shells are also given letter deslgnatiops. = - =

gressing outward, the shells are labeled K, L, M, N, =
P, and Q respeatively. e TR
The shells are considered to be full or complete when. -
.. contain the following quantities of electxrons. .. . =
Two In the K shell, elght in the ____ - - shell, eighteen -
“in the M shell, and so in accordance with thae exolugion,
‘principle. , . the N shell, the actual number.of = -
electrons required to fill a shell has _ . baen experi=
mentally determined. : : ‘ o LT

- Progressing away from the ‘atomnic nucleus, the fixst =~ = °
electron-shell which . not have the full comple- S
ment of electrons in that shéll is called the VALENCE™. ' -
o . Even though the inert elements (helium,

nheon, argon, krypton, xenon and radon) have a ___ . v ..
complement of electrons in all shells, the outer shell of - T

. these elements is still . _* the VALENCE SHELL. The

stability of an atom is greatest when the valence shell =
TR an atom is occupied by the full quota of allow-, .
. able electrons. Hence, the element _ _has mini~

mum stability while neon has maximun StabIlity.




Electronics and electron theory is very
recent sclence compared to chemical science. The term
VALENCE was used as a of the standard chemical
vocabulary long before the electron concept was evolved.
When the o theory was firmly established, the
new term ELECTROVALENCE was officially adopted; the two
terms be used interchangeably.

The capacity of one element to combine with another
element is by the number of electrons which an
atom donates, or accepts, or shares with atom
to secure a complete valence shell, and is called ELECTRO-
VALENCE. '

The valence of atom is expressed in terms
of a number, prefixed by a + or __ sign, indicating
how many electrons the atom gains or loses during a chemi-
cal reaction, indicating the number of electron-
palrs shared during the change. Generally, if the atom has
than half of the eight electrons to complete

its valence shell, it will tend complete its
shell by removing electrons from the valence shell of some
other atom the process of forming a compound.

The atoms gaining electrons are prefixed by a
(~) sign. It is also generally true that if an atom has
half of ‘ valence shell filled, the atom may
act in either direction; that is it may its
valence electrons to one type of atom, but when combined
with some other 1t may remove electrons from
the cther atom to fill its own valence shell,

valence numbers are prefixed with either a

+ or -~ sign depending upon the reaction which
takes place. If the element has less than half of its
required electrons, it will usually donate its

electrons to some other atom during the process:
forming a compound; and their valence number is prefixed
by a plus (+) . . !

Previous discussions have shown that atoms possessing

more than half of their valence electrons tend
to fill their valence shells at the expense of other atoms.
Those atoms do not possess half of the electrons

required to fill the valence shell generally
their valence electrons to other atoms. When chemical
bonding is accomplished by an exchange electrons

?g§¥gen atoms, the atoms are said to be held together in an

Many atoms react chemically to form a compound with-

out donating or accepting electrons; the atoms
share the electrons they have in common. The sharing of
valence electrons between ‘ is known as electron-

pair or COVALENT bonding,
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It was mentioned previously that ions

w.....and that they are atoms that have assumed & 'harge. It
was stated that are positive and negative ions.
The process whereby an atom acquires a charge will

discussed at this time.

" It is possible to drive one or more electrons out
any of the shells surrounding the nucleus. In
the case of incomplete shells, it also possible
to cause one or more additional electrons to become
attached to the . In either case, whether the
atom loses electrons or gains electrons, it is said

be IONIZED. For ionization to take place there
must be a transfer of energy results in a change
in the internal energy of the atom.

Thus, ionization is __ process by which an
atom loses or gains electrons.

An atom having more than normal amount of
electrons acquires a negative charge, and called
a NEGATIVE ION.

atom that gives up some of its normal elec-
trons 18 left with less negative than positive
. charges and is called a POSITIVE ION.

In the study of electronics, . assoclation of
matter and electricity is of paramount importance. Since
every electronic device is of parts made from
ordinary matter, the effects of electricity on matter must
be understood. As a means of accomplishing
this, all the elements of which matter is may
be placed into one of three categories: CONDUCTORS, SEMI-
CONDUCTORS, AND INSULATORS. Conductors for , are
elements such as copper and silver which will conduct a
flow of electricity - readily. Due to their good
conducting abilities they are formed into wire and used

it is desired to transfer electrical energy from
one point to another. Insulators (non-conductors)

the other hand, do not conduct electricity to any great

degree and are therefore when it is desirable
to prevent a flow of electricity. Elements and compounds
such sulpher, rubber, and glass are good insu-

lators. Materials such as germanium and silicon are
good conductors, but canngt be used as insula-
tors either, since their electrical cCharacteristics fall
those of conductors and insulators. These in-
between materials which do not make  good conductors
good insulators are classified as semi-conductors.

It was previously mentioned that by the process
ionization, electrons could be removed from the
o'nfluence of the parent atom. These electrons,
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removed from the atom, are capable of moving through the

matexial under the influence — external forces.
It is by virtue of the movement of these electroas that
electrical is transported from place to place.

- The ability of a material such as copper
conduct electricity must therefore depend on the number of
dislodged electrons normally available within
material. Since copper is a good conductor, it must contain
vast numbers of dislodged FREE electrons.

To understand how the electrons become free, it is
necessary to refer to the electron energy levels
within the atom. It was previously stated that if

the right amount of energy was added to an orbital electron,
it would jump a new orbit located farther from
the nucleua. If the energy is sufficiently large,

jump may carry the electron to such a distance from the
positive nucleus that - electron becomes free.
Once free, the electron constitutes the charge carrier
discussed above. The problem remaining is to
determine how the electron in the piece of copper obtains
¥ energy to become free.

After a moments consideration a person realizes that
the average of copper contains some amount of
heat energy. In fact, a plece of copper room
temperature (72° p) is approximately 5310F above absolute
zero! This temperature indicates that the , al-
though only warm to the touch, must contain a considerable
amount of heat enexrgy. phonons of heat energy,
along with other forms of natural radiation, elevata the
electrons the energy levels where they can be-
come free. -

From the preceeding theories, one might _
why all materials containing the same amount of heat energy
do not conduct electricity well. The answer lies
in the fact that the electrons in various materials require
amounts of energy to become free. The outer shell

has two energy bands called VALENCE BAND and the
CONDUCTION BAND. Between these two energy bands is an
energy called the forbidden gap or forbidden band.

Electrons residing in the valence band are
BOUND ELECTRONS. They ave considered to be firmly attached
to the parent atoms and not available for the
conduction of electricity.

In order for an electron to become free
electron, it must gain enough energy from external forces
to jump the forbidden and appear in the conduc-
tion band.
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Once in the conduction band, the electron is

and may be made to move along through the conductor in the
form of electric current.

Insulators have a very wide energy gap. This means
that’ a large of energy must be added to each
electron in an insulating material before it
becomet free. Thus, at room temperature sufficient energy
is not available to cause electrons jump to
the conduction band and the material has practically no
free electrons.

The has 1ittle or no forbidden gap. Since
this is true, under normal conditions the band
for a conductor contains a sufficient number of electrons
to make it a conductor of electricity.

The semi-conductor being neither a good conductor
or a good insulator an energy gap between that
of a conductor and that of an insulator.




